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Lung Deposition of Fine Dust Particles 


L. DAUTREBANDE, H. BECKMANN, and W. WALKENHORST, Bochum, Germany 


All authors agree that large dust particles 
settle onto the upper respiratory tract while 
the smaller the particles are, the more deeply 
they penetrate into the lungs. Therefore, in 
order to study the particulate-matter reten- 
tion in the respiratory tract, it is necessary 
to separate airways from the deep parts of 
the lungs, where it is known the pneumo- 
coniotic lesions originate. 

srown, Cook, Ney, and Hatch® have 
estimated the relationship between the dust- 
particle size and the degree of retention not 
only in the lungs taken as a whole but also 
separately in the upper and lower regions of 
the respiratory tract. In the whole lung, 
the percentage retention is 90% for 5y 
particles; it then diminishes progressively 
for decreasing sizes (85%, 75%, and 55% 
respectively for and 1p particles) 
and it is only 25% to 30% for 0.24 
particles; these values agree with figures 
previously given by van Wijk and Patter- 
son” but not with results obtained later 
for over-all retention by Landahl, Trace- 
well and Lassen,!* probably because there 
was a large difference in the densities of the 
dust used respectively by the two groups of 
authors. From studies of Davies!" it 
may be concluded that the density factor 
cannot be neglected for determining the 
behavior of the dust in the lungs. 


Received for publication Feb. 26, 1957. 
Silicosis Research Institute. 
Presented before the Congress of the American 


Association on Chest Physicians, held in Cologne, 
Aug. 18-20, 1956. 


For the upper respiratory tract, Hatch’s 
retention curve, compared with the whole 
lung retention curve, is shifted to the right, 
and it appears that in the upper regions 
retention of particles below 1.2m is_ nil. 
These small particles are retained exclusively 
in the deep parts. Also, Brown, Cook, Ney, 
and Hatch have found that, of all the par- 
ticles inhaled and reaching the alveolar bed, 
the lu particles are retained to the extent 
of 90% and the 0.24y particles to the extent 
of 55%. 

Another character of fine dust retention 
should be pointed out. Findeisen,™ and 
later Landahl,!* Eisenbud,!* and Berghaus * 
have calculated that the pulmonary deposi- 
tion of particles below 1 (which, as it has 
been said, takes place obligatorily in the deep 
pulmonary regions) follows a descending 
curve from lp to 0.6% approximately, then 
stays at a minimum plateau between 0.6p- 
0.54 and 0.4u-0.34, then rises again for 
particles below 0.24 in size. This theo- 
retical proposition of Findeisen has been ex- 
perimentally confirmed by Landahl, Trace- 
well, and Lassen '* and recently by Nelson 
and his co-workers *!; Brown, Cook, Ney, 
and Hatch as well as van Wijk and Patter- 
son,”> though, did not confirm the fact in 
their experiments, 

Still another point should be discussed. 
Broadly, the lungs may be divided into air- 
ways and alveolar territories, where the 
gas-exchanges take place; between these two 
regions, the respiratory bronchioles and the 
alveolar ducts already possess some alveoli 
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although they act mainly as air-passages. 
Whereas the air movements are significant 
in terminal bronchioli, the alveolar sacs are 
characterized by the air they contain being 
almost stagnant.1*!® Hence, the transfer of 
dust particles into the alveolar sacs is mainly 
controlled by diffusion phenomena. Now, 
very often, authors collect air-samples at the 
end of a normal expiration and consider this 
“end of tidal air” as representing air from 
the “alveolar regions.” As a matter of fact, 
it will be seen that, as far as dust retention 
is concerned, this “end of tidal air” is not 
truly representative of deep alveolar air; it 
is a mixture of alveolar air and air coming 
from the dead space, the volume of which 
is known to vary with different conditions.** 


In order to obtain a sample truly represen- 
tative of the air coming from alveolar sacs 
exclusively, it is necessary to use a tech- 
nique that prevents the deepest portion of a 
maximal expiration from being polluted with 
air from the dead space. The Haldane- 
Priestley method should be used. Although 
several authors *7:1%?° have found a close 
relationship between Haldane-Priestley al- 
veolar COzy and mixed arterial blood CO» 
tension, objections have been raised against 
this method by authors '?? studying gas 
exchanges. Their objections, though, do not 
appear to have significant bearings as far as 
dust retention in resting subjects is con- 
cerned, 


Fig. 1—Experimental unit for studying lung retention of fine dust particles in man: 
(1) entry of dust washed through water flasks; (2) 0.5 cu. meter dispersion chamber; 
(3) face mask with inspiratory and expiratory valves; (4) spirometer; (5) rubber stopper, 
closing circuit when collecting expired air; (6) mixer for expired air; (7) double-walled 
tubing for collecting alveolar air; (&) thermostat for keeping alveolar tubing at 33 C.; 
(9) Walkenhorst thermal precipitators. 
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PULMONARY DUST DEPOSITION 


Experimental Procedure 


Through a face-mask, the inspiratory 
valve of which is connected to a 2.5 cm. 
tubing, three normal subjects inhale a dust 
aerosol issuing from a 0.5 cu. meter disper- 
sion chamber (2 in Fig. 1). After the dust 
aerosol has been breathed for two minutes, 
and at the end of a normal inspiration, the 
subject blows his alveolar air through a 
3002.5 cm. tube maintained at 33 C by 
means of running water from and to a 
thermostat. The volume of air so expired 
varied from 1600 to 2600 cc. according to 
the subjects (44, 44, and 62 years of age). 
Immediately after each experiment, the 
primary aerosol (that is, the aerosol from 
the 0.5 cu. meter mixing chamber) as well 
as the aerosol from the maximal forced 
expiration are sampled by means of Wal- 
kenhorst thermoprecipitators 7° on collodion 
screens. Alveolar air samples are taken at 
two places of the long “alveolar tubing,” one 
at 70 cc. from the mouthpiece 
alveolar air 1) 


(called 
and the other at 750 cc. 
from the mouthpiece (called alveolar air 2). 
In this paper, however, results of alveolar 
air 2 are not reported. 


For studying retention in the lungs as a 
whole, the expiratory valve of the face- 
mask is connected to a graduated spirometer 
in which expired air pushes up, at each 
expiration, a light ball attached to a well- 
balanced counterweight. The primary aero- 
sol is first breathed for one minute without 
collecting the expired air, in order to wash 
out the lungs uniformly with the dusty air* ; 
then, by means of a stop-cock placed at 
the bottom of the spirometer (5 in Fig. 1) 
and turned on during an inspiration, the 
expired air is collected into the spirometer 
for one minute. Inspired and expired 
aerosols are sampled as before, immediately 
after the completion of every experiment, 
from the dispersing chamber and from the 


*In control experiments, this preliminary mix- 
ing period was prolonged to two minutes with 
identical results, suggesting that one minute 
breathing prior to the one minute breathing into 
the spirometer is adequate for reaching a steady 
state. 


Dautrebande et al. 


spirometer, by means of Walkenhorst 
thermal precipitators (9 in Fig. 1). 

For end of tidal air sampling, the same 
procedure is used, except that the thermal 
precipitator is placed close to the expiratory 
valve of the mask, on a 15X2.5 cm. tube 
connecting the mask and the spirometer. 

Several control experiments showed that 
(1) for the same aerosol, particles are 
uniformly distributed on all the screens and 
throughout the whole sampling surfaces; 
(2) there is complete identity between the 
aerosol as dispersed in the chamber (primary 
aerosol) and the aerosol as sampled at the 
entry of the respiratory mask—that is, the 
inspired aerosol; (3) there is complete 
identity between the primary aerosol and the 
aerosol as sampled inside the spirometer 
when the air passes directly from the dis- 
persion chamber to the spirometer through 
the breathing mask with its two valves, no 
subject being in the circuit; (4) there is 
complete identity between the primary aero- 
sol and the aerosol as sampled at any place 
of the alveolar tubing after the chamber 
aerosol is passed directly to the alveolar 
tubing (7 in Fig. 1); (5) for the sampling 
times used, there is no noticeable super- 
position on the screens of discrete particles 
one upon another. 

On enlarged photo micrographs, the 
particle counting and size distribution were 
established for every sample of inspired 
air, expired air, end of tidal air, and alveolar 
air, this permitting, by difference, the deter- 
mination of dust deposition percentages in 
the lungs taken as a whole, at the end of 
the tidal air, and from the deep alveolar 
regions. 

Three kinds of dust were used: (a) coal 
dust, (b) iron oxide dust, both dispersed 
with a Wright constant-feed device,?* and 
(c) India ink diluted 1:1 with distilled 
water, filtered, then dispersed with a D.18 
midget-scrubber. At the outlet of the Wright 
dust generator, the cloud was passed through 
four (iron oxide) or two (coal dust) wash- 
ing water flasks, so as to cut out from the 
air-borne dust all particles above, respec- 
tively, Su and Sp. 
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Fig. 2. — Distribution 
curves for the three dusts 


Tusc 
Eisen 
Koh/e! 


studied: carbon black (India 
ink), mean size 0.154; iron 


oxide, mean size 0.34; coal 


dust, mean size 0.8y. 


Figure 2 gives the distribution curve of 
these three aerosols as found in the 0.5 
cu, meter mixing chamber before entering 
the nasobuccal mask. Counting and measur- 
ing of the coal-dust particles were performed 
with the optical microscope, for comparing 
the global expired air, the end of the tidal 
air, and the alveolar air samples; counting 
and measuring particles of India ink and 
iron oxide were done with the electron 
microscope for studying retention in the 
alveolar air in relation to the respiratory 
frequency. 


It is known *18.*4.27 that the retention of 
particulate matter in the lungs taken as a 
whole varies in inverse ratio to the respira- 
tory frequency and the time of contact be- 
tween air and lungs. The subjects were 
breathing with three different frequencies: 
32, 10, and 3 times per minute. The volume 
of tidal air was approximately 400, 900, and 
2100 cc. respectively for 32, 10, and 3 
breaths per minute. During experiments 
with 32 breaths per minute, the respiratory 
duration of each inspiration corresponding 
exactly to the duration of each expiration. 

sreathing three times per minute was made 
rhythm was regulated by a metronome, the 
easy by taking 10 to 20 breaths of a power- 
ful pneumodilating * agent in aerosol form 
(Aerolone Compound, Lilly, all medicated 
particles being below 0.54) several minutes 
before the three-breaths-per-minute experi- 
ments. In two occasions, a particularly well- 
trained subject breathed 64 times per minute. 
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Results (Summarized) 


In Figure 3 are recorded the values found 
for coal dust deposition in the lungs taken 
as a whole (global expired air) and for 
dust “clearance”* at the end of the tidal 
air and in the alveolar air, according to the 
respiratory rate. Each curve represents 
the average of all the results obtained on 
three subjects separately. It is to be noted 
that, contrary to the over-all deposition and 
to the end of the tidal air clearance, alveolar 
clearance is not influenced by the frequency 
and the depth of breathing. This confirms 
our previous findings.® 

Figure 4 represents the distribtuion curves 
for coal dust in inspired air, in global ex- 
pired air, and end of tidal air, according to 
the particle size, on one of us breathing 
three times per minute. 

The characteristics of the over-all deposi- 
tion and of the dust clearance at the end 
of the tidal air, according to the particle 
size and to the respiratory rate, are shown 
in Figure 5. 

From Figures 3, 4, and 5, it can be stated 
that for coal dust (a) the over-all deposition 
and the end of the tidal air dust clearance 
vary inversely with the respiratory rate; 
(b) the mean particle size in the end of the 
tidal air is regularly smaller than in global 


*In this paper, the term “dust clearance” is 
used for expressing the percentage of particles 
which have disappeared from the inspired air at 


different lung levels. The term “deposition” or 
“retention” is used only for expressing the dif- 
ference in the number of particles between inspired 
air and global expired air. 
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Fig. 3.—Coal dust (mean size 0.84) deposition in lungs taken as a whole and clearance at 


expired air; (c) for any respiratory rate 
between 3 and 32 per minute there is a 
minimum for the over-all deposition and 
for the end of the tidal air clearance; this 
minimum lies between 0.4 and 0.7p, being 
in general agreement with previous results 
of other authors.’7-1*:*! + (d) the end of the 

+ Although it may be difficult to measure op- 
tically with accuracy particles below 0.5, the 
curves in Figure 5 leave little doubt as to 
the existence of a minimum size-deposition in the 
lungs taken as a whole and at the end of the tidal 
volume, for coal dust, in these three sets of double 


the end of the tidal volume and in the alveolar air, according to the respiratory rate. 


Fig. 4.—Distribution curves for coal dust — : 
inspired air, global expired air, and end of the tidal air. 


tidal air cannot be considered as true alveo- 
lar air. 

The influence of the depth of breathing 
for a given respiratory rate upon the over- 
all deposition of coal dust is shown in 
Figure 6. This figure exemplifies the im- 


experiments. This matter will be taken up again 
in another paper of this series, referring to more 
complete data on particle size retention curves in 
alveolar air and global expired air, as estimated 
by electron microscope readings, using carbon 
black (India ink), calcium carbonate and iron 
oxide dust. 


particles according to the site of sampling: 
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Fig. 5.—Global deposition and clearance at the end of the tidal air of coal dust particles, 
according to the particle size for three respiratory rates. 
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rate of 3 per minute, according to the tidal volume and given particle sizes. 


portance of the alveolar surface involved 
in the dust-retention process. 

Figure 7 represents the clearance values 
obtained in alveolar air of three subjects 
for coal dust, India ink, and iron oxide 
particles. It confirms and extends the re- 
sults reported in Figure 3 for coal dust 
only. It shows that the dust clearance at the 
level of deep alveolar air is extremely high 
(mean 94.3%) no matter the respiratory 
rate or the material used. As will be pointed 
out in another paper, it was also regularly 


observed that the maximum particle size 
found in alveolar air is never above 1.2y 
with the electron microscope and 1.4» with 
the optical microscope. 


Conclusions 
From these experiments, four main con- 
clusions can be drawn: 
1. The mean size of inhaled coal dust 
particles decreases regularly toward the 
alveolar air. 


Fig. 7—Graph showing that the high degree of alveolar clearance for coal dust, carbon 
black, and iron oxide dust is not influenced by the frequency of breathing. 
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2. In spite of large differences in density 
between coal, carbon black, and iron oxide 
particles, the alveolar clearance of these 
three dusts was regularly found to be above 
90%. 

3. This high degree of dust clearance in 
the deep alveolar regions of the lungs shows 
no relation to the respiratory rate, unlike 
dust deposition in the lungs taken as a whole 
and dust clearance at the end of the tidal 
volume. 

4. Practically all particles sampled in deep 
alveolar air are submicronic, this emphasiz- 
ing the importance of small air-borne par- 
ticles in initiating dust pulmonary diseases. 


64, Ave Emile Duray. 
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The Recovery of Quartz and Other Minerals from the 


Lungs of Rats 


A Study in Experimental Silicosis 


G. NAGELSCHMIDT, D. Phil.; E. S$. NELSON, B.Sc., Sheffield, England; E. J. KING, D.Sc.; 
D. ATTYGALLE, M.B., and M. YOGANATHAN, M.B., London 


When quartz of suitable size is injected 
into the lungs of rats, silicotic nodules are 
produced after a certain interval of time. 
These nodules consist essentially of tangled 
collagen fibers. According to the silica 
solubility theory, the collagen is formed 
through the action of dissolved silicic acid 
which is leached from the quartz surface 
by tissue fluid. How this comes about in 
detail is not known. Although the silica 
solubility of quartz has been much studied 
in media ranging from water to serum and 
ascitic fluid (King'), it is not possible to 
calculate how much silicic acid is leached 
after a given time from the quartz surface 
inside the lung tissue, because the ratio of 
solid to liquid and the rate of renewal of 
liquid are unknown. It should, however, be 
possible to measure the extent of dissolu- 
tion either from silica determinations in the 
excreta or from recovery studies based on 
analyses of the lung. Analyses of the excreta 
are complicated by the fact that ingested 
silica must be allowed for or a silica-free 
diet given to the animals. Previous studies 
in this field have been published by King 
et al.* Recoveries of dust from the lung are 
subject to error because some of the ad- 
ministered particles are lost by transport up 
the trachea followed by expectoration or 
swallowing, and some by transport to other 
sites of the body via lymph and blood stream. 


Submitted for publication March 13, 1957. 
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and 


During the last few years, we have tried 
to develop animal experiments on quantita- 
tive lines. By intratracheal injection of dust 
suspensions through the mouth, it is possible 
to introduce known amounts of dust into 
the lungs of rats (King et al.*), and experi- 
ments were carried out to see how much 
of such dusts could be recovered after dif- 
ferent time intervals by analyses of lungs 
and lymph nodes. Attempts were then made 
to correlate the rate of recovery, or loss, 
with the severity and amount of fibrosis 
produced. These analyses were first done on 
lung material (from experiments with flint) 
which had already been used for histo- 
pathological studies; they were open to the 
criticism that unspecified amounts of dust 
contained in the sections and trimmings of 
the histological blocks were lost to analysis. 
Special experiments were therefore set up 
mainly for recovery studies, in which only 
a few animal lungs were used for histologi- 
cal observations. In these experiments pure 
quartz was compared with corundum 
(AlOs) of similar size. Corundum is an 
inert material which causes little or no 
fibrosis of the lung. Insofar as quartz in 
the lung is subject to mechanical losses by 
removal via the bronchi and trachea before 
fixation in the lung tissue, it would be 
reasonable to expect similar losses for quartz 
and corundum, but any higher losses of 
quartz could be deemed to be due to 
solubility. 

Pneumoconiosis of coal miners affects 
certain coal fields more than others, and, in 
general, there is more disease the higher 
the rank of the coal. It appeared conceivable 


ae 
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that low-rank bituminous coal could be more 
soluble in tissue fluid than anthracite of 
high rank, and, according to Thaer,* this 
effect was observed in “solubility” tests in 
Ringer solution. Also, it seemed possible 
that the more soluble coal might stimulate 
phagocytosis and transport of the particles 
more than the less soluble coal. Further 
experiments were therefore set up in which 
recoveries from two coals of contrasted 
rank were compared. 

Work of this kind requires many animals 
and analyses. By injecting radioisotopes 
with high y and low 8 activity it was thought 
that it might be possible to measure on one 
and the same animal the loss of material 
from the lung, as a function of time after 
injection, with greater economy. Two such 
experiments were made. They were in- 
tended to test the recovery of inert rather 
than fibrogenic dust. 


In the following, results will be given 
and discussed for two experiments with 
different size fractions of flint, three experi- 
ments with quartz and corundum, two ex- 
periments with coal, and two 
experiments with “labeled” dusts. 


pilot 


In the first flint experiment,* five size 
classes of flint had been injected at constant 
surface (700 cm. per rat) into 30 rats, 
and an optimum of fibrogenic activity had 
been found for the fraction of 1-24 Stokes 
diameter; in the second experiment (Zaidi 
et al.°) this work had been repeated with 
four of the five flint samples at a three times 
higher dosage, and the results had confirmed 
the previous findings. In these experiments 
most of the lung specimens were incomplete 
as portions of them had been used for 
histological study. The first experiment with 


quartz and corundum was made with frac- 
tions of Stokes diameter 0.8p-lu, the two 
following experiments with samples of 1.0y- 
1.54 diameter. In these experiments, com- 
plete lungs of rats were analyzed. Apart 
from measuring the rate of recovery of 
quartz as a function of time after injection, 
tests were also made on the quartz isolated 
from the lungs. The size distribution was 
determined by electron microscopy, the 
quartz rating by quantitative x-ray dif- 
fraction measurements, and silica solubility 
by the molybdate method.? 

Two experiments using complete rat lungs 
were made with anthracite from South 
Wales and a bituminous coal from Cum- 
berland, both below 2y Stokes diameter. Coal 
from Cumberland was chosen because in coal 
workers coming to autopsy there appears to 
be less coal dust than in Welsh coal miners, 
and the type of black lung known in South 
Wales appears to be very rare (Faulds: 
personal communication). For the work 
with radioisotopes, materials with high y- 
and low f-activity were chosen. In the first 
experiment, tantalum carbide was used 
which contained Ta!**, and in the second 


experiment scandium oxide which contained 


Experiments 


Materials—Flint: The preparation prop- 
erties of the five samples of calcined flint used 
have been described previously.’ For convenience, 
the size distributions and analyses are summarized 
in Table 1. All fractions contained 98.4% or more 
of silica by chemical analysis, and, according to 
x-ray diffraction, they were all mixtures of about 
60% quartz and 40% cristobalite. In the first 
experiment, the specific surface of the finest frac- 
tion had been overestimated, and in fact only 
5¢ of the surface of the other fractions had been 


TABLE 1,—Sise Distribution and Composition of Flint Samples 


Stokes Diameter, u 


<0.5 0.5-1 1-2 2-4 4-8 
Volume-surface diameter, Dvws : 0.43 0.7 1.8 4.2 6.6 
Mass median diameter, MMD (jy) f-..--.....------ 0.43 0.58 2.4 4.0 8.0 
Geometrical standard deviation, og t............--- 1.7 14 1.3 1.5 14 
98.8 99.4 99.4 99.2 98.4 

znd? 
— 
Due= 


+t Diameter having 50% mass a 
t Ratios of diameters having 50%-16.5% mass 
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TABLE 2,—Sise Distribution and Composition of Quarts and Corundum Samples 


Stokes Diameter, 


Geometrical standard deviation, og...................-------------- 


Ignition loss, % 


0.8-1.0 1.0-1.5 


Corundum Quartz Corundum 


given. This error was corrected in the second 
experiment. 

Quartz: Graded fractions were prepared from 
pure Belgian glass sand. The sample for the first 
experiment was of Stokes diameter 0.8u-ly, the 
sample used for the other two experiments of 
1.0u-1.54. Size distributions and partial chemical 
analyses are given in Table 2. X-ray diffraction 
showed the normal quartz pattern. 

Corundum: The starting material for the first 
experiment was a sample of calcined pure alumina 
from which a fraction of Stokes diameter 
0.8u-ln was prepared and used. X-ray analysis 
showed it to be mainly a-alumina but to contain 


with inactive material to a strength of 5yc to 10yc 
in 50 mg. of dust. 

The procedure for Sc2Os was the same in all 
essentials. Its activity was 2yuc-3uc per 15 mg. of 
dust. Size distributions for these two dusts are 
given in Table 4. 

Method of Injection—The mineral dusts were 
suspended in Ringer solution, sterilized, and in- 
jected into rats (black and white M. R. C. strain) 
into the trachea via os, as described previously.* 
The anthracite and bituminous coal were weighed 
and transferred into screw-cap bottles, and 25 ml. 
of sterile physiological saline was added to each. 
The suspension was mechanically shaken for half 


TABLE 3.—Sise Distribution and Ash Content of Coal Samples Below 2p Stokes 
Diameter 


Volume-surface diameter, Dys (x) 
Mass median diameter, MMD (y 
Geometrical standard deviation, og 
Ash, % (850C) 


First Experiment Second Experiment 


Anthracite Anthracite Bituminous 


Bituminous 
Coal Coal 


13 
1.3 
1.7 
14 


1.7 
14 
18 
3.6 


a small proportion of «-alumina. This indicated 
a temperature of calcination of about 1200-1300 C. 
Another sample of pure alumina, calcined at 
1500 C, was therefore used for the next two 
experiments. This showed only the a-alumina 
pattern on x-ray analysis. The size prepared was 
1.0u-1.54, Stokes diameter. Size distributions and 
partial chemical analyses of the corundum samples 
are given in Table 2. 

Anthracite and Bituminous Coal: Anthracite 
with 5% volatile matter from South Wales 
(Pentremawr) and a bituminous coal with 33% 
volatile matter from Cumberland (Haig Pit) were 
used as starting materials. The coals were ground 
in a turbine grinder (Wright*) and fractions 
below 2u were prepared by sedimentation and 
centrifuging from suspensions in alcohol-water 
mixtures in the first, and by air elutriation in the 
second experiment. Table 3 shows the size dis- 
tribution and ash content of the samples used. 

Tantalum Carbide and Scandium Oxide: TaC 
powder was ground and a fraction below 2, 
separated by sedimentation in water. Part of the 
sample was activated at Harwell and then diluted 
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an hour and autoclaved for 20 minutes at 15 Ib. 
pressure; 1 ml. of sterile rat serum was added to 
each bottle of suspension to help disperse and 
suspend the particles, and the mixture was shaken 
again. The final concentration of dust was such 
that 1 ml. of suspension contained the dose to be 
administered. 

Isolation of Lung Dust.—The dust was isolated 
either from whole lungs, which had been kept in 
formalin, or from the material, also kept in for- 
malin, remaining after blocks had been removed 
for sectioning. In the latter case, the remainders 
of the blocks were dewaxed with benzene and 
added to the lung material. Apart from the lungs, 


Tarte 4.—Sise Distribution and Activity of 
Tantalum Carbide and Scandium Oxide 
Below 2u Stokes Diameter 


Tantalum Scandium 
Carbide 


Volume-surface diameter, Dvs (x) 

Mass median diameter, MMD (,) 

Geometrical standard deviation, og 
per rat 

Active isotope 
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Volume-surface diameter, Dvs 1.2 1.7 1.9 1.5 
Bs Mass median diameter, MMD (y)...-....................-.......- 1.2 1.6 17 14 
4 eC 1.4 1.6 1.6 1.5 

0.6 2.0 0.2 0.1 

97.2 99.3 

0.88 0.047 
0.86 0.039 
19 13 
= 
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the peribronchial 
dissected if 
after 
them. 


nodes 
3 mm., 


and hilar lymph were 
their size exceeded ca. 
suitable bulking, dust was isolated from 
The results of this work from the first 
flint experiment of the present series have already 
been reported (Nagelschmidt et al.*). 


Flint, and corundum were isolated by 
first drying and then ashing the lungs or nodes 
at 450 C., and by treating the with hot 
2 N HCl in to remove the endogenous 
lung salts. The dusts were then washed free from 
chloride and weighed. Whenever possible, all op- 
erations for each analysis were carried out in one 
and the 


and, 


quartz, 


ash 
order 


glass-stoppered 
Preliminary 


centrifuge tube. 
tests had shown that weight losses 
from soda glass or pyrex tubes during this process 
were negligible, and the recoveries small 
amounts of these dusts, both in the presence and 
absence of normal lung tissue, were of the order 
of 95%-98% for quartz and flint above 0.54, and 
of the order of 93% or higher for the corundum 
and for flint below 0.54, diameter. Chemical tests 
were also made on many of the quartz and flint 
dusts recovered in this way, and their silica con- 
tent was found to vary between 98% and 99%. 


of 


For the coal recoveries, the technique of King 
and Gilchrist® was used after modifying it to a 
scale. This method is based on de- 
struction of the tissue by 25% NaOH. The re- 
maining material is washed with alcoholic KOH, 
then with acid alcohol (HCl), and finally dried 
and ashed. The loss on ashing gives the weiglit 
of the coal. Test analyses had shown that re- 
coveries of both coals by this method were of the 
order of 98% of the amounts used. 


semimicro 


Analysis of Lung Dust—The 

> nd? 
termined by projection counting under the electron 
microscope (Cartwright*), and quartz ratings 
were determined by G-M counter diffractometry 
(Gordon and Harris”). Silica solubility was de- 
termined in buffered Ringer solution at 37 C. 
The quartz was used at a concentration of 6.2% 
and silica in solution measured after three days 


at pH 7.2. 


diameter of a given sample due was de- 


Radioactive 
kept in metabolism 


Measurements.—The animals were 
cages (8X8 X6 in.) mounted 
funnels painted with a 


over varnish, 


through which the excreta dropped into glass jars. 


resistant 


The counter consisted of six G-M tubes mounted 


around a central space into which a glass jar 


(containing excreta or dissected tissue) could be 
inserted. For counting the whole animal (either 


alive or dead), a cylindrical used, in 


which the rat could be placed, and around which 
lead shielding could be mounted so as to cover 
portions of the body when it was desired to local- 


tray was 


ize the counting to certain parts, such as the 
thorax. 
With TaC, the activity of the excreta was de- 


termined, and whole body counts were also taken. 
With ScesOs the activities in lungs and lymph 
nodes, and in the rest of the body, 
after killing the animals. 


were measured 


Results 


Flint: First Experiment: In order to 
give a constant surface of flint, the amounts 
injected had varied from 8 mg. per rat for 
the finest fraction below 0.54 to 200 mg. per 
rat for the coarsest fraction of 4u-8 Stokes 
diameter." The amounts 
lungs and lymph nodes, 


recovered from 

in milligrams of 
flint per rat, and the total recoveries as per- 
centages of the amount injected, are shown 
in Table 5, in which results of 25 analyses 
after 12 
months were done on whole lungs, and all 
others on material that had been used for 
histological work. 

Flint: Second Experiment: In this ex- 
periment the samples from 0.5y-1Ip, 
and 2u-4u were given at a three times 
higher level, and the sample below 0.5 at 
a four times higher level, giving a constant 
surface of 2100 The 


have been grouped. The analyses 


sq. cm. per rat.5 


TABLE 5.—The Injection of Flint of Different Size at Constant Surface Area, First 


Experiment: 


Recovery (Mg. per Rat) from Lungs and Lymph Nodes and Total 
Recovery as ber. Cent of Amount remecte d. Afte r Diffe rent Periods of Time 


Stokes Diameter, u <0.5 0.5-1 1-2 24 48 
Dose: Mg. per Rat s 17.5 42 100 200 
Dime After No. of Lung, Nodes, ’ Total, Lung, Nodes, Te Total, Lung, Nodes, Total, Lung, Nodes Total, ‘Lang, Nodes, Total, 
Injection, Mo. Rats Mg. Mg. % Mg. Mg. % Mg. Mg. % Mg. Mg. % Mg. Mg. % 
4-5 4 2.3 083 39° 6.46 1.9 50 * 16.7 33 48° 47.7 1,2 49* 11.2 — 50.6 * 
8-9 4 1.6 0.95 32° 638 3.1 5.2 87° 42.3 33 45° 109.6 0.5 55 * 
12 2 2.2 14 45¢ 6.7 3.2 56 16.7 83 SMA 7.5 62 100 50 ¢ 


* Lungs incomplete: small portions used for histology. 
+ Lungs complete. 
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TABLE 6.—The Injection of Flint of Different Size at Constant Surface Area, Second 
Experiment: Recovery (Mg. per Rat) from Lungs and Lymph Nodes and Total 
Recovery as per Cent of Amount Injected After Different Periods of Time 


Stokes Diameter, 


<0.5 
Dose: mg. per rat: 33 


0.5-1 


1-2 
126, 


2-4 
300 


Time After Nodes, Total, 
Injection, Mo. Mg. % 


0-2 


Lung, 
Mg. 
42 (5) 21. 


21.5 
3 0.8 42 (1) 20.2 
4-5 18 36 (2) 19.8 


Nodes, Total, 
Mg. % 


Lung, Nodes, Total, Lung, Nodes, Total, 
Mg. Mg. % Mg. Mg. % 


0.1 40 64. 51 
29 «43 
1940 


(1) 150.8 0.7 
(2) 180.8 1.1 
(2) 159.1 1.0 


(4) 72 2.4 59 


Numbers in parentheses are the number of rats analyzed. 
All lungs incomplete: small portions used for histology. 


amounts injected varied from 33 mg. to 300 
mg. per rat. Twelve rats had been injected 
with each sample, and there had been many 
deaths in this series, especially in the group 
receiving the ly-2y flint. Therefore, the 
latest recoveries were determined after three 
months in this group, and after five months 
in the other groups. Results condensed 


TaBLe 7.—Total Recoveries of Flint as per Cent 
of Amount Injected from Two Flint 
Experiments 


Size of Flint, 


Time After 
Injection, 
fo. 


(6) 41* (8) 55* 
(8) 38 * (4) 48 * 
(4) 32* (4) 56* (4) 57° 
(5) 40 (2) (2) (2) 62t (2) 
Mean recovery 
for all times 38 48 54 52 52 


|| Numbers in parenthesis are the number of rats analyzed. 
* Lungs incomplete: small portions used for histology. 

+ Lungs complete. 

t Includes three lungs after 16 months. 

§ One experiment only. 


from 35 separate analyses are shown in 
Table 6. 

The combined total recoveries from both 
experiments as percentages of the amounts 
injected are shown in Table 7. It will be 
seen that the data are fairly uniform, al- 
though the amounts injected had ranged 
from 8 to 300 mg. per rat. All recoveries 
for less than 12 months are comparable 
insofar as they were all done on incomplete 
lungs. Most of the loss of flint from the 
lungs appears to have taken place during 
the first three months. Only the groups 
below 0.54 and 2u-4 showed small consis- 
tent losses with time up to nine months, and 
the values after one year were only slightly 
higher than the earlier values. There is 
thus no strong evidence that much material 
was lost after the first three months, and 
also the unknown losses due to missing 
lung material do not seem to have been 
large. 


PER CENT 


RECOVERY 


Fig. 1—Total recovery 
(per cent of amount in- 
jected) of flint from lungs 
and lymph nodes of rats as 
function of time. (Crown 
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The effect of size of flint dust was notice- 
able in two ways: 

1. The recoveries of flint were lower for 
the fraction below 0.54 than for the larger 
fractions. The average recovery of all sizes 
above 0.5 for all time intervals was 52%, 


TABLE 8.—Flint in Nodes 


Sizeu <0.5 0.5-1 12 2-4 
(a) * 39 32 33 12 


(0) ¢ 59 59 40 16 


* As % of total flint recovered after one year from lungs and 


es. 
+ After five months as % of flint found in nodes after one year" 


nique of recovery, and they may have been 
partly due to more extensive phagocytosis, 
and partly to solubility; previously also, in 
repeated extraction experiments with quartz, 
the mass percentage extracted had been 
found to be in inverse proportion to the size 
of the quartz." 

2. The proportion of the total recovered 
dust found in the lymph nodes increased as 
the size of the flint became smaller, ranging 
from nil to 39%. Transport to the lymph 
nodes was also faster with decreasing size 
of flint, as can be seen from Table 8. 


_ Fig. 2.—Rat lung 150 days after injection of 50 mg. of quartz. Grade 5 fibrosis. A, silver 
impregnation. B, dark-ground illumination microincerated. Reduced about 28% from mag. X 40. 


but for the flint below 0.5, it was only 38% 
(Table 7). The control experiments on 
techniques of recovery had shown 93% re- 
covery for flint below 0.5y as against 95% 
to 98% for the larger fractions. Thus, the 
lower recoveries of the finest fraction cannot 
be entirely explained by losses due to tech- 


Quartz and Corundum: First Experi- 
ment: The samples used for injection had 
been prepared at nominal size 0.8yu-lp. In 
order to allow for differences in density 
of the materials, 50 mg. of quartz and 70 
mg. of corundum per rat were given to two 
groups of 32 rats. 


Fig. 3.—Rat lung 150 days after injection of 70 mg. of corundum. Grade 1 fibrosis. 


A, silver impregnation. B, dark-ground illumination microincerated. Reduced about 28% from 
mag. X 175. (Belt and King’s grading of fibrosis.) 
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Fig. 4—Rat lung 150 days after injection of 
50 mg. of quartz (Grade 5 fibrosis). (Crown 
Copyright.) 


The experiment lasted 12 months, and 
histological checks were made after 5 and 
12 months. The quartz rats showed Grade 
5 fibrosis, and the corundum rats Grade 1 
fibrosis on both occasions (Figs. 2 and 3). 
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Fig. 5.—Rat lung 150 days after injection of 
70 mg. of corundum (Grade 1 fibrosis). (Crown 
Copyright. ) 


Microradiographs of air-inflated lungs were 
taken with a fine-focus x-ray tube, and are 
shown in Figures 4 and 5. It will be seen 


TaBLe 9.—The Injection of Quartz and Corundum of O8p-1.0p Stokes Diameter, 
First Experiment: Recovery (Mg. per Rat) from Lungs and Lymph Nodes 
and Total Recovery as per Cent of Amount Injected After Different 


___ Periods of Time 


Dose: Mg/Rat Quartz 
50 


Corundum 
70 


Time After 


Lung, Mg. 
Injection, Days 


Nodes, Mg. 


San 


SESE 
SON 


1, 


Mean, 120 to 365 (days) 
Standard error 


Total, % 


Lung, Mg. Nodes, Mg. Total, % 


Se 8 & 


Se int 
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46.3 
80 6 
47.2 
79 37.7 
472 
73 
57.6 
44.3 
‘ 
40 38.0 
37.2 
52 42.2 
44 32.4 
: 40 
37 
3 24 
3 41 
365 60 30) 
365 43) 
368 32 
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that the fine details of a rat lung are still 
visible after 6 months with corundum but 
had disappeared after 5 months with quartz. 
Because of the marked losses of dust from 
the lungs in the first three months found 
in the flint experiments, it was decided to 
analyze lungs of animals killed on the same 
day as the quartz and corundum were in- 
jected, and at short intervals thereafter. 
Analyses were first carried out in duplicates 
and later singly for different times up to one 
year after injection, and results of 65 anal- 
yses are given in Table 9. It will be seen 
that the total recoveries were very similar 
for the two materials. There was a rapid 
loss of 40%-50% of the dust during the 
first 10 weeks, and little further, if any, loss, 
although there was considerable scatter of 
results. 

The early recoveries of the corundum 
were lower than those of quartz. Mean 
values for recoveries from 4 to 12 months 
are given at the bottom of Table 9 together 
with their standard errors. 

Quartz and Corundum: Second Experi- 
ment: In order to secure better data for 
the early losses in the first eight weeks, 
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TaBLe 10.—The Injection of Quartz and Corundum of 1.0p-1.5p Stokes Diameter, 
Third Experiment: Recovery (Mg. per Rat) from Lungs and Lymph Nodes 


another experiment was set up with a new 
set of samples of ly-1.54 Stokes diameter. 
The corundum sample was prepared from a 
new batch of alumina calcined at 1500 C; 
50 mg. of quartz and 75 mg. of corundum 
per rat were given to two groups of 20 
rats each. Two animals from each group 
were killed immediately after injection, after 
one, three, and seven days, and then at 
weekly intervals up to a total of eight weeks, 
when all the animals that remained were 
killed. No histological assessment was made 
in this series, in which 38 lungs were ana- 
lyzed. Rather surprisingly, the total recov- 
eries for both materials remained higher 
than in the previous experiment and did not 
show any decrease with time until all ani- 
mals had been used up after eight weeks. 
Mean total recovery as per cent of the 
amount injected was 94% +1.5% for quartz 
and 92% +1.6% for corundum. 

Quartz and Corundum: Third Experi- 
ment: A further experiment was therefore 
set up using the same dusts and dosages as 
the previous one, in which 30 rats were 
injected with each of the dusts (50 mg. of 
quartz and 75 mg. of corundum, size 1.0p- 


and Total Recovery (Mean of Duplicates When Possible) as per Cent 


of Amount Injected After Different Periods of Time 


Dose: Mg/Rat Quartz 
50 


Time After Lung, Mg. Nodes, Mg. 


Injection, Days 


#2 


Serb 


Nagelschmidt et al. 


Total, % Lung, Mg. 


Corundum 
75 


Nodes, Mg. Total, % 


49.1 0 

86 61.8 0 \ a4 

5 
62.0 0.5 

90 57.9 0.5 
53.8 05 

80 58.4 

82 

79 

65 

68 

78 


4 

] 

70 

160 42.1 6.6) 

160 30.7 6.6 f ‘ 3 

181 22 48.7 6.6 

181 28 62 36.0 6.6 f 65 

210 25 38.3 6.7 

210 7 65 24.0 6.7 } 

240 27 

240 18 24.6 6.7 

240 25 3 
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Fig. 6.—Mean recovery 
of quartz and corundum 
up to one year after in- 
jection (averages of two 
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experiments). (Crown 
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Copyright. ) 


1.54). Two rats were killed after 1, 7, and 
14 days, and thereafter at monthly intervals 
up to eight months after injection. The 
results of 53 analyses of lungs and lymph 
glands are shown in Table 10. 

It will be seen that the total earlier recov- 
eries were intermediate between those of the 
first and of the second experiment. The 
recoveries from corundum up to four 
months after injection were significantly 
lower than those of quartz, but after four 
months there was no such difference. 

Figure 6 shows recoveries from lungs 
and nodes as a function of time after injec- 
tion, as averages from the first and third 
experiment. There appears to be a rapid 
early loss of material, but after three months 
there does not seem to be any further loss 
of quartz or corundum, although there is 
continued transport from the lungs to the 
lymph glands, as evidenced by the continu- 
ous rise in dust recovered from the nodes 
up to at least nine months after injection 
(Table 9). After one year, 16% of the 
quartz injected was found in the lymph 
nodes as against 8% of corundum. This 


10 
PERIOD : 


DAYS 
corresponds to 30% and 15% respectively 
of the total dust recovered after one year. 
The recovery of quartz after one year was 
similar to that of flint of comparable size. 
Irrespective of the amount injected, the total 
recoveries were of the order of 60%. 

Properties of Quartz Isolated from 
Lungs: On repeated extraction with buf- 
fered Ringer’s solution, and after etching 
with sodium hydroxide or hydrofluoric acid, 
the solubility of quartz of small size de- 
creases, and the quartz content of such 
leached or etched samples, as determined by 
x-ray diffraction or differential thermal anal- 
ysis increases. These effects have been in- 
terpreted by assuming that a layer of more 
soluble amorphous silica surrounds each 
small quartz particle. This layer has a thick- 
ness of a few hundred Angstroms, and its 
proportion by mass varies with the size of 
the quartz particle from less than 1% for 
quartz of 20p to more than 30% for quartz 
of diameter (Griffin ™). 

Samples of quartz isolated from rats’ 
lungs after one day, three to five months, 
and eight months were compared to see 


TABLE 11.—Examination of Quartz, Stokes Diameter Ip-1.5n, Recovered from Rats’ 


Lungs, After Different Time Intervals 


Volume Surface 
Time After Injection Diameter, Dvs, u 
3-5 
8 months 


Mass Below 1.04, % 


Quartz Rating b 
X-ray Analysis, % 


9341.0 4 
97+1.0 1 
100+1.0 3 


Silica Solubility 
Mg. SiO :/100M1. 


5 
0 
0 
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whether any change in properties, indicating 
a removal of the amorphous layer from 
quartz, could be detected. The size distribu- 
tion of the samples was measured by elec- 
tron microscopy, and mass distributions 
were calculated from the counts. X-ray 
determinations of the quartz rating were 
made, and silica solubilities were determined. 
The results were as shown in Table 11. 

With increasing time after injection the 
size of the samples diminished slightly and 
the quartz rating increased. There was thus 
evidence of a slight reduction in the thick- 
ness of the amorphous layer, or, in other 
words, some dissolution of quartz had taken 
place. This may have amounted to about 
5%-10% of the sample. King? had found 
previously that after continuous extraction 
with Ringer solution for 20 weeks, quartz 
below 1» had lost 10% by weight and quartz 
of lp-2u size had lost 4.5%. Microscope 
counts were also made on the corundum 
samples recovered after comparable times, 
but no change in D,, or size distribution 
could be observed. 

Anthracite and Bituminous Coal: First 
Experiment: Two groups of 20 rats were 
injected with 100 mg. each of anthracite 
and bituminous coal, and the experiment 
lasted 13 months. Histological examination 
showed no more fibrosis than stage 0 to 1 
during this time. 

Recoveries were determined at monthly 
intervals with the exception of the seven- 


and nine-month periods. The results, given 
in Table 12, showed a small steady decrease 
with time, and slightly higher recoveries for 
anthracite than for bituminous coal. Total 
recoveries after one year were of the order 
of 50% of the amounts injected, which was 
similar to the results with quartz, flint, and 
corundum. The proportion of coal found in 
the lymph glands was of the order of 5% 
of the amount injected for both coals, which 
corresponds to about 10% of the total coal 
recovered. 

Anthracite and Bituminous Coal: Second 
Experiment: The first experiment had 
shown slightly, but significantly, higher re- 
coveries from anthracite than from bitu- 
minous coal, and a second experiment was 
set up in order to see whether this observa- 
tion could be repeated if more lungs were 
analyzed in duplicate. It also seemed inter- 
esting to have results for early recoveries, 
as the difference between anthracite and 
bituminous coal was already fully estab- 
lished after 30 days. New samples of the 
same coals as used previously were there- 
fore injected with the slightly lower dosage 
of 75 mg. per rat into 40 rats each, and all 
killings were done in duplicates. The experi- 
ment lasted for eight months. Early recov- 
eries were again higher for anthracite than 
for bituminous coal, but from two and up 
to eight months after injection there was 
no difference in recovery from the two coals. 
Table 13 gives in a condensed form the 
results of 76 separate analyses. 


TaBLe 12.—The Injection of Two Coals of Stokes Diameter below 2p, First 
Experiment: Recovery (Mg. per Rat) from Lungs and Lymph Nodes and 
Total Recovery (Mean of Duplicates When Possible) as per Cent of 


Amount Injected After Different Periods of Time 


Anthracite 
Dose; Mg/Rat 100 


Bituminous Coal 
100 


Time After Lung, Mg. 


Nodes, Mg. 
Injection, Mo. 


1 
2 
3 
4 
5 
6 
10 
10 
11 
12 
13 


Lung, Mg. Nodes, Mg. Total, % 
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be be bo be be Go bo 
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68.8 71 | 
69.0 71 
67.2 70 47 7 
68.5 71 47 sf 
62.0 64 44 
65.8 68 44 5 
60.4 62 
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TABLE 13.—Injection of Two Coals of Stokes Diameter Below 2u, Second 
Experiment: Average Recovery (Mg. per Rat) from Lymph Nodes and 
Lungs (with Standard Errors), and Total Recovery as per Cent of 


Amount Injected After Different Periods of Time 


Anthracite 


Bituminous Coal 


Standard 
Error of 
Lung, Mg. 


Period of Time, Mo. 


Nodes, 
Mg 


Mg. 


75.8 
64.5 
43.5 


7.35 
6.61 


Tantalum Carbide: Three rats were in- 
jected with 50 mg. each of activated TaC 
(Syc-10uc per rat). As the material was 
difficult to inject because of its high density 
and as the dose given was not known accu- 
rately, the total body count, one day after 
injection, was taken as standard for each 
animal. Activities of the animals and of 
the excreta were measured up to 100 days 
after injection, and mean results corrected 
for decay of activity are shown in Figure 7. 
This shows that the material was rapidly 
excreted; half of it was found in the excreta 
after about 20 days, and all after about 90 
days. At this stage, the activity measured 
in the animals was approximately 10% of 
the value after one day. The late measure- 
ments were not accurate as the half-life of 
Ta! is only 111 days. 


Standard 
Error of 
Lung, Mg. 


No. of 
Rats 


Lung, 
Mg. 


55.3 
56.8 
42.6 


Scandium Oxide: Eleven rats were each 
injected with 15 mg. of ScgOs which had 
an activity of approximately 2yc-3yc. 

The original intention was to count the 
living rats at different sites of the body 
(head, thorax, and abdomen), while the 
remainder was screened by lead. But this 
proved impossible because of inability to 
keep the animal sufficiently still without 
anesthetizing it, and, after several animals 
had been lost by anesthetic death the attempt 
was abandoned. The animals which died 
were dissected, and their parts separately 
counted; thereafter the rats were killed at 
different periods after injection, and counts 
were made on the whole rats, on the dis- 
sected lungs and lymph glands, and on the 
remainder of the body. The whole rat and 
the lung and lymph node measurements 
showed between 85% and 90% of the orig- 
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Fig. 7—Recovery of active tantalum 
carbide from body and excreta of rats. 
(Crown Copyright.) 


ON FIRST DAY AFTER 


ACTIVITY AS 


40 


TIME AFTER INJECTION : DAYS 


Vol. 16, Sept 


No.of Lung, Total, | Nodes, Total, 
Rats % | Mg. % 

1.1 102.5 10 2.50 0.9 74.9 
4... 3.1 90.1 10 2.99 2.2 78.7 
3.28 1.8 60.4 15 2.70 3.1 61.0 

4 

120 

ae 

80 

< 

60 

4 

‘Nr 

x 

sad / 

x 

0 

ag 0 20 = 60 80 100 

198 


TABLE 14.—The Injection of Scandium Oxide of 
Stokes Diameter Below 2p. Recovery from 
Different Organs Expressed as per Cent 
of Original Total Body Counts on 
Day of Injection 


Period of Total Lungs and Rest of 


Time, Days Body Nodes Body 
1-16 * 85 86 2 
23-55 ¢ 8S 90 3 
84-138 ft 87 85 1 
Average 87 87 2 


* Mean of counts after 1, 2, 4, 6, and 16 days. 
+ Mean of counts after 23, 34, and 55 days. 
t Mean of counts after 84, 113, and 138 days. 


inal body counts one day after injection, 
and no trend with time was found for the 
140 days for which the experiment lasted 
(Table 14). There was no evidence of 
appreciable activity in the rest of the body, 
apart from lungs and lymph glands, of any 
of the animals. 


Comment 


Injection techniques do not represent 
“physiological” conditions, and the experi- 
ments described do not give direct evidence 
about the permanent retention of inhaled 
dust, although this is an important subject 
on which little is known at present. The 
object of the experiments was to get balance 
sheets for different materials injected into 
the lungs of rats, to see if there were any 
differences in the rates of removal of fibro- 
genic and nonfibrogenic dusts, and in order 
to test the silica solubility theory of silicosis. 

The accuracy of any single analysis of 
a rat’s lung is not high. This may be due to 
variations in the amounts injected, in the 
reaction to dust of different animals, and to 
error in the technique of recovery. It is 
likely that all three factors were operative to 
some extent. Nevertheless, a clear general 
pattern and consistent trends were apparent 
in the results. 

When dust of respirable size was injected 
into the lungs of rats, then about 40% by 
weight was lost from the lungs during the 
first two to four months. This held true 
in spite of wide variations in amount of ma- 
terial injected, which varied from 8 to 300 
mg. per rat, and irrespective of fibrogenic 
activity of the dust. This loss was probably 
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mainly due to removal of dust-laden phago- 
cytes via the bronchi. The dust was coughed 
up, swallowed, and excreted. Practically no 
further loss of material occurred between 4 
and 13 months, but there was a continuing 
transport of dust from the lungs to the 
lymph nodes. The rate of transport was 
higher for fibrogenic quartz than for inert 
corundum or coal, and the flint experiments 
showed that the transport increased with 
decreasing particle size. This continued 
movement of dust, often thought to have 
been fixed in the tissues, recalls the observa- 
tions of Albertini et al.!*, who analyzed 
silicotic human lungs and lymph glands, and 
found that the longer the interval of time 
between the end of dust exposure and death 
had been, the more quartz was found in the 
lymph nodes as compared with the lungs, 
and the greater was the distance from the 
lungs of the glands in which quartz and 
silicotic lesions occurred. 

Dissolution of silica inside the lung tissue 
could be demonstrated in our material by 
comparing quartz samples which had re- 
mained for short and long periods in the 
lungs of rats. There was a slight decrease 
in size, and a loss of the amorphous layer 
as measured by x-ray diffraction, of the 
order of 7% for quartz of Stokes diameter 
lu-1.54. The loss may have been higher 
for the flint fraction below 0.5u, thus ex- 
plaining the lower recovery of this sample 
after one year. But the loss was not large 
enough to show up when total recoveries 
from quartz and corundum of similar size 
were compared. A considerably higher loss 
by dissolution (19% in 28 days) has been 
reported for quartz under 24 which was 
implanted in the form of collodion plaquettes 
into the peritoneum of rats (Foucault and 
Collet 


When the recovery experiments were 
started in 1951, the continuous release of 
silicic acid from quartz was believed to 
cause collagen formation (silica solubility 
theory)." Experiments carried out since 
then have shown that quartz without its 
amorphous layer is at least as, or perhaps 
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more, fibrogenic than ordinary quartz of 
equal size. Although the present results 
showed that a part of the amorphous layer 
of quartz was lost by dissolution inside the 
lung tissue, the dissolved silica did not neces- 
sarily cause the fibrosis. The flint experi- 
ments also suggest that there was no direct 
relation between solubility and fibrogenic 
activity. The solubility loss was largest for 
the finest fraction of size below 0.5y, but 
in both flint experiments the two next larger 
fractions had been found to be more fibro- 
genic. According to recent experiments, 
collagen formation by quartz is faster when 
the amorphous layer has been removed from 
quartz, and its solubility thereby is much 
reduced (Yoganathan 


The first coal experiment suggested lower 
recoveries of bituminous coal than of anthra- 
cite, but the more extensive second experi- 
ment failed to confirm the difference. It is 
thus not entirely certain that anthracite and 
bituminous coal do not differ in ease of 
removal from the lungs, but the present 
type of experiment is so laborious that it 
is not intended to follow the matter further 
by animal experiments with injection tech- 
niques. It might be better to introduce dust 
of contrasted coal types by exposing animals 
in dusting cabinets to intense dust clouds 
during a few weeks and then to follow by 
: analysis the gradual elimination of the dust 
from the lungs for several months. 

The two pilot experiments with labeled 
dusts gave unexpected and contradictory 
results. Tantalum carbide appeared to have 
a “half-life” in the lungs of about 21 days 
and it was almost completely eliminated 
from the lungs in about three months. 
Scandium oxide, on the other hand, appeared 
to suffer, perhaps, a very small initial re- 


moval and then to remain in the lungs dur- 
ing the whole period of the four months 
over which it was followed. Similarly di- 
vergent results have been reported in studies 
concerned with the radiation hazard of in- 
haled dusts, where the custom has arisen 
of ascribing a “half-life” to alveolar dust, 
which is the period at which 50% removal 
from the lungs has taken place. Our data 
obtained with flint, quartz, corundum, and 
coal by gravimetric procedures suggest that 
this concept of a half-life is not a very help- 
ful one because dust elimination, in contrast 
to radioactive decay, does not follow an 
exponential law. However, a number of 
interesting recent results, in which the “half- 
life” is used, are assembled in Table 15. 


Half-lives range from two days to eight 
months or more. The data are so scanty that 
it is not possible to,say which factors control 
retention, but dosage, type of radiation, 
method of introducing the dust, solubility 
of dust, and several other factors may all 
be important. 


In contrast to the experiments with labeled 
dusts, which gave erratic results, the gravi- 
metric techniques which had been used by 
us for flint, quartz, corundum, and coal 
showed that, after an initial period of loss 
of dust, about half the injected dose 
was apparently permanently retained with 
dosages ranging from 8 to 300 mg. of dust 
per rat. This constancy of recovery may 
suggest that permanent retention would also 
be about half of the immediate retention 
when dust is inhaled, but it is not justifiable 
to extrapolate from 8 mg. injected in saline 
to microgram quantities which would be 
inhaled during one hour in a dusting cabinet. 
Similar experiments by inhalation techniques 
would therefore seem to be desirable. 


Taste 15.—Half-Life of Labeled Dusts in the Lungs of Experimental Animals 


Mean 


Dose per 
Size, 


Type of 
Animal, Mg. 


Material Animal 


Dusting cabinet, 54 hr. 
Rat Dusting cabinet, 54 hr. 


Injected 
Injected 
Injected 


Method of 
Introducing Dust 


Half-Life Reference 
3 months 

8 months 

2 days 

21 days 

over 8 months 
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Cember et al. 
Present pap ¢r 
Present paper 
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Some information of this kind already 
exists. B. M. Wright (personal communica- 
tion) has analyzed lungs and lymph nodes 
of rats exposed to coal dust for two hours 
per day for 18 months, and has obtained 
fairly uniform quantities of dust in a num- 
ber of animals. After the 18 months’ dust- 
ing period, the dust in the lymph glands 
was of the order of 11% of the total dust 
found in the animals. This is very similar 
to the proportion (10%) found in our ex- 
periments with coal dust after one year. 
This similarity, together with much histo- 
pathological evidence from other experi- 
ments, suggests that, although the distribu- 
tion of dust in the lungs may be more 
uniform after dust inhalation than after 
dust injection, the fate and biological effects 
of the dusts are similar or the same for both 
techniques. 


Summary 


In the course of pneumoconiosis research 
the recovery of a number of dusts injected 
into rats’ lungs was studied by determining 
the amounts retained in lungs and lymph 
nodes at different times, up to one year after 
injection. 

Two experiments with five flint fractions 
of graded size (below 0.5p to 84), which 
had been injected at constant surface showed, 
between 3 and 12 months after injection, 
constant total recoveries of the order of 
55% of the amounts injected for the four 
larger fractions to a lower total 
recovery of the order of 40% was obtained 
for the smallest fraction (below 0.5). 

Recoveries of highly fibrogenic quartz and 
of almost inert corundum of equal size were 
studied in three experiments. Except for 
the first two months after injection, the total 
recoveries of both materials were equal, 
dropping after three months to about 60% 
and thereafter remaining constant up to one 
year. The amounts of dust in the lymph 
glands increased with time, and after one 
year 28% of the total quartz recovered 
was in the lymph glands as against 16% 
of the corundum. 
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A comparison of the properties of quartz 
isolated after different time intervals from 
the lungs showed that a loss of a small per- 
centage had occurred because of solubility; 
reasons are given why the dissolution of 
silica is thought not likely to be the control- 
ling factor in fibrogenesis. 

Recoveries of anthracite and bituminous 
coal dusts showed no clear difference be- 
tween the two coals. The total recoveries as 
a function of time were very similar to those 
of quartz and corundum; after one year the 
proportion of dust in the lymph glands was 
10%, somewhat lower than for corundum, 
and considerably lower than for quartz or 
flint of similar size. 


In two pilot experiments with labeled 
tantalum carbide and scandium oxide, re- 
coveries were measured by Geiger-Miiller 
counting technique. The results were very 
different, TaC being rapidly lost from the 
lungs and Se2Oxs only very slowly. 

The gravimetric work which was based 
on more than 300 analyses showed that all 
dusts of comparable size gave very similar 
total recoveries, irrespective of their fibro- 
genic activity. After a period of rapid loss 
of dust during the first two months, prob- 
ably due to removal via the bronchi, there 
was no further measurable loss, but con- 
tinued movement of dust from the lungs 
to the lymph glands took place. Fibrogenic 
dusts were transported more than inert 
dusts. With fibrogenic dust (flint) size was 
important: the smaller the size of the flint, 
the higher was the proportion that went to 
the lymph nodes, and the earlier did it get 
there. 

The bearing of the results on our knowl- 
edge of dust retention is discussed. 


Dr. G. P. Mohanty collaborated in this work; 
Mr. B. C. S. Hollands assisted with the animals 
and in cutting the sections; Mr. D. G. Arnott, 
Dr. G. E. S. Bradley, and Miss R. Paul helped 
with the radioactive measurements; Mr. J. Cart- 
wright measured size distributions; Mr. G. Har- 
ris made x-ray diffraction measurements, and Miss 
J. Vincent helped with the analytical work. The 
Medical Research Council and the National Coal 
Board provided financial assistance, and the Min- 
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istry of Power gave us permission to publish this 
paper. 

Safety in Mines Research Establishment, Porto- 
bello St. (1). 
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In a preceding account! a general outline 
was presented of the studies undertaken to 
assess the toxicity of inhaled Degussa 
submicron amorphous silica dust. The 
pulmonary responses in rats, both during 
variable periods of exposure to the dust and 
during the period of residence in normal 
air after six months of dust exposure, were 
analyzed. This study on rats revealed that, 
although the inhaled Degussa dust at an 
average dosage of 1.5 mg. per cubic foot 
of air proved lethal, primarily through par- 
tial obstruction of the pulmonary vascula- 
ture combined with pulmonary insufficiency 
due to emphysema, cessation of the dust 
exposure rapidly reversed the mortality 
trend. At the same time the pulmonary 
lesions regressed almost completely and the 
silica content of the lungs diminished 
rapidly. 

These results with rats proved to be in 
direct contrast with the effect of inhaled 
particulate crystalline-free silica. Gardner * 
originally demonstrated that when rats are 
allowed to breathe quartz dust they develop 
classical nodular silicosis, The rats do not 
die early during the course of quartz-dust 
exposure but do so later when the silicosis 
has become sufficiently severe. On termina- 
tion of the exposure to the quartz dust, 
the silicotic process generally progresses, 
the silica being eliminated from the tissues 
at a considerably slower rate than happened 
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in the case of the rats exposed to the De- 
gussa dust, 

In the present paper the pulmonary re- 
sponses of guinea pigs* to the inhaled De- 
gussa dust will be reported. The studies on 
these animals comprised four series of 
experiments: (a) observations on the acute 
reactions following dust exposures of 8 
hours and 24 hours, respectively; (b) the 
chronic pulmonary reactions at various 
stages during the course of 24 months of 
dust exposure; (c) the nature and extent 
of recovery of the lung tissue during periods 
up to 13 months of residence of the animals 
in normal air, following dust exposure of 
one group for 12 months and of another 
group for 24 months; (d) the acute reac- 
tion caused by reexposing to the dust one 
group for 24 hours and another three 
groups for 8 hours each after the guinea 
pigs had previously been exposed to the 
Degussa dust for 12 months and then had 
been allowed to recover in normal air for 
1 month. 


*The animals used in the present study were 
albino guinea pigs of a strain reared in the Saranac 
Laboratory from a single pair originally presented 
to Dr. Leroy U. Gardner about 20 years ago. 
About two-thirds of the animals were males, and 
they weighed between 260 and 730 gm. at the start 
of the experiment. As controls, 80 guinea pigs, of 
both sexes and of this same stock, which had been 
allowed to reside in a normal environment only, 
were sampled at intervals ranging from 1 month 
to 36 months. In the present account only those 
pathological states which were observed in the 
animals exposed to the Degussa dust but which 
did not occur in the normal guinea pigs are re- 
corded. 
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An additional group of guinea pigs was 
infected with R1Rv tubercle bacilli and ex- 
posed to the Degussa dust. This study will 
be reported separately. 


I. Acute Reaction 


Nine guinea pigs were arranged in three 
batches of three animals and each batch was 
exposed to the aerosol for a different 8-hour 
period within a 24-hour cycle; four more 
guinea pigs were kept in the dust environ- 
ment continuously during the 24-hour 
period. It had been previously established 
through pilot dust-sampling observations 
that the concentration of optically discerni- 
ble dust particles varied diurnally, possibly 
as an expression of differential rates of 
flocculation of the ultimate particles. The 
purpose in thus exposing the guinea pigs in 
three sets for periods of 8 hours each dur- 
ing the 24 hours, during which the dust 
disseminator was continuously maintained 
in action, was to determine whether minor 
differences in particle count and in size of 
clusters at various times of the day would 
influence the nature of the acute reaction. 
No such variations in the acute biological 
response could be demonstrated, and the 
nine animals will therefore be commented 
on as a single group to be compared with 
those animals which resided in the dust 
room continuously for 24 hours. 

Chemical Changes.—These observations 
have been assembled in Table 1. It may be 
noted that for Group I the lung weights 
were somewhat higher in the animals ex- 
posed only for 8 hours as compared to those 
exposed for 24 hours, and this change is 
reflected in the somewhat higher lung ash 
values in the 8-hour group. These observa- 
tions may not be significant, as they may 
merely reflect individual variations among 
the animals. However, the distribution of 
animals in the groups was completely ran- 
dom, and all the animals had approximately 
the same body weights. 

The silica content of the lungs increased 
appreciably after the 8-hour period of ex- 
posure, but the average value obtained was 
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not enhanced after 24 hours of exposure. 
There was a considerable range of values, 
however, for both the 8-hour and the 24 
hour groups. The amount of lung ash 
actually decreased a little after an initial 
increase. These changes in the lung ash may 
not be significant in view of the fairly con- 
siderable individual variations. 

Autopsy Findings.—After eight hours of 
exposure in the dust room there was not 
yet any macroscopically detectable pulmo- 
nary reaction in the animals. After 24 hours 
of exposure there was moderately marked 
basal congestion in all four of the animals 
and the tracheobronchial lymph nodes were 
enlarged and showed a little pigmentation. 
No other abnormal features were noted. 

Histological Changes.—Within the eight- 
hour exposure period numerous cellular re- 
actions had appeared in the lungs. These 
signs have been summarized in Table 2. The 
main lung damage occurred in the basal 
portions of the lung lobes, though in iso- 
lated instances the apices were affected and 
occasionally the changes were diffusely dis- 
seminated. Cellular infiltration into various 
component parenchymal structures predomi- 
nated. While most of the cells were still 
intramural, moderate numbers had already 
commenced to.appear within the alveolar 
spaces. The vacuolated condition of their 
cytoplasm suggested that they were already 
phagocytosing the inhaled dust particles. 
The alveolar space invasion was generally 
more pronounced where the mural cellular 
infiltration was least conspicuous. Most of 
these cells were macrophages. 

One of the earliest changes observed, 
though not consistently present, was dilata- 
tion of the bronchioles and alveolar ducts. 
Accompanying the reaction in the latter 
structures there were foci of slight to 
moderate and sometimes even marked infil- 
tration of the bronchiolar and ductal adven- 
titiae (Plate I, 4). Occasionally these ducts 
acquired a complete lymphocytic sheath. A 
few cells, mainly macrophages, could be 
found in the lumina of bronchioles, but 
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Plate I1.—A, dilatation of alveolar ducts and ductal mural infiltration from Guinea Pig 

1230-313, exposed by inhalation to Degussa submicron amorphous silica dust for eight hours 

then killed. Hematoxylim and eosin; reduced 1/5 from mag. X 170. B, incipient narrowing 

of alveolar ducts and periductal cell infiltration from Guinea Pig 1230-308, which inhaled 

Degussa dust for 24 hours and was then killed. Hematoxylin and eosin; reduced 1/5 from 

mag. X 175. C, peribronchiolar cellular infiltration from Guinea Pig 1230-310, which inhaled 

Degussa dust for 24 hours and was then killed. Hematoxylin and eosin; reduced 1/5 from 

mag. X 175. D, edema of perivascular adventitia from Guinea Pig 1230-305, which inhaled 


Degussa dust for 24 hours and was then killed. Hematoxylin and eosin; reduced 1/5 from 
mag. X 175. 
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there was no sign of epithelial desquamation 
or mucosal infiltration. 

The perivascular lymphatics had become 
fairly extensively invaded, mainly by lym- 
phocytes. Many of these blood vessels 
showed vasoconstriction. While the paren- 
chymal lymphoid foci did not yet show any 
consistent tendency to react, there was some 
follicle hyperplasia in the tracheobronchial 
lymph nodes. 

After 24 hours of exposure all the signs 
were appreciably increased. A more ad- 
vanced degree of mural infiltration and 
hyperemia of the alveolar walls with oc- 
casional focal petechiae could be found. The 
lung of every animal showed a slight degree 
of apical emphysema. It is possible that 
this distention of the alveoli in the upper 
halves was compensatory to the infiltrative 
changes in the lower portions. The most 
marked advance concerned the periductal 
and peribronchiolar cellular invasion. A 
moderate degree of narrowing of bron- 
chioles and alveolar ducts took the place of 
the initial dilatation (Plate 1, B). A slight 
to moderate degree of epithelial desquama- 
tion had set in, and purulent detritus could 
be more frequently found in the bronchiolar 
lumina. The bronchi now also showed con- 
spicuous adventitial infiltration (Plate 1, 
C). The small blood vessels continued to be 
moderately narrowed, suggesting that they 
responded to the presence of the dust by con- 
tracting. The adventitiae of some of the 
lung blood vessels showed a remarkable de- 
gree of edema which was not observed in 
guinea pigs killed at later stages (Plate I, 
D). The pulmonary lymphatics had com- 
menced to react through follicular hyper- 
plasia perilymphoid macrophage 
infiltration. Except for increased follicular 
hyperplasia, however, the hilar lymph nodes 
showed no significant additional changes. 


II. Chronic Reaction 


The investigation of the chronic biologi- 
cal reaction to inhaled Degussa submicron 
amorphous silica dust included an exposure 
phase and an elimination phase. In the ex- 
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posure phase the animals remained in the 
dust room until they were killed for study 
or died naturally. In the elimination phase 
the animals were exposed to the dust for 
12 months or for 24 months and then were 
transferred to normal air, where they re- 
sided until death. 


Exposure Phase 


In the exposure phase of the study 50 
guinea pigs inhaled the Degussa dust for 
periods of 1 month to 24 months. Included 
in the 50 were 8 animals used in a pilot 
run of one month. The other 42 guinea 
pigs were kept continuously in the dust 
room, and groups of them were killed at 
two-month intervals. 

The lungs of two animals from each 
group of four were subjected to chemical 
analysis to determine the amount of lung 
ash and the silica content of the lung ash. 
The other two were submitted to histological 
examination only. The results of these 
studies are summarized in Tables 3 and 4 
and in Figure 1 and are illustrated in Plates 
II to IV. 

Of these 50 guinea pigs, only 2 died 
during the course of the experiments. Both 
deaths were from causes unrelated to the 
dust exposures. Animal 67 developed a re- 
tro-orbital abscess as a result of an eye 
injury, and Animal 65 developed pericarditis 
and pneumonia. This excellent survival of 
the guinea pigs is of considerable interest 
in view of the fact that 74% of the rats 
which were simultaneously exposed to the 
Degussa dust died during the first year. 

Chemical Determinations—Values ob- 
tained for lung ash and retained SiO, in 
this series of guinea pigs have been sum- 
marized in Table 3. The lung ash increased 
rapidly. Thus, at the end of the first year 
the average values obtained were double 
the values at the end of the first two 
months. By the end of the second year these 
ash values had been trebled. There was, 
however, fairly considerable fluctuation in 
the weight of the lung ash in individual 


guinea pigs, These fluctuations became more 


Vol. 16, Sept., 1957 


| 
| 

AR 

Ag 

Lite: 

ig 
= 
4 


10 6F OR6L°SL 
478 [RULION 0} PU “OUT 0} pesodxe Zuyeq ApNys 
82-81 4 286 -0'99 ri 


aun] 


4 TBULION 
Jo Junoury jo yunoury JO 


aPON 


[ROY 


| 
| 
| 


vaumy fo wo snoydsowpr vssnbaq pajoyuz fo 


| tr +++ + + + 
! 
| + 
++++ 
+4 
| 
ssSoce 
7 < ose S 
| 
| 
3 
| 
Bb 
33 
3528 
3 
4 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


pronounced toward the end of the first year 
of exposure. Thereafter the range of varia- 
tion in the amounts of lung ash recovered 
for individual guinea pigs narrowed, pre- 
sumably because all the animals had achieved 
more or less the same degree of pulmonary 
reaction. 

The retained silica also increased quite 
sharply and progressively during the period 
of dust exposure. Individual values ob- 
tained for the same group did not vary 
greatly. During the first year the rates of 
increase in the lung ash and silica of these 
lungs was about the same, so that, when the 
SiO, is expressed as a percentage of the 
ash, the results lie within the rather narrow 
range of 3.2% to 4.0%. During the second 
year, however, the silica accumulated much 
more rapidly, and toward the end of the 
24 months of exposure the values for silica, 
both on a weight basis and expressed as a 
per cent of the weight of the ash, were 
about double the corresponding values at the 
end of the 12-month period. 

The ratio of the ash to the weight of the 
lung as a whole remained approximately 
constant. This was to be expected, because 
the amount of lung ash is usually a measure 
of the cytological response in the lung. The 
silica content of the dried lung, however, 


increased progressively and at the end of 
two years had almost trebled. 

Autopsy Findings.—The trend of macro- 
scopic findings has been summarized in 
Table 3. The lungs of animals killed at two 
months appeared to be normally inflated. 
In the anterior portions of these lungs there 
were a few slightly depressed, deep-pink, 
linear foci of reaction. The prominence of 
these features varied somewhat. The 
tracheobronchial lymph nodes were en- 
larged and firm. The other organs showed 
no gross changes. At four months the four 
animals which were killed exhibited vir- 
tually no macroscopic evidence of pulmon- 
ary change except that the tracheobronchial 
lymph nodes were moderately enlarged and 
firm. The other organs continued to remain 
unaffected. At six months a few deep-pink 
foci of dust reaction, some of which formed 
a linear pattern, could be discovered. The 
lymph nodes were only slightly enlarged 
but were quite firm. The hepatic lymph 
node showed a slight enlargement at this 
stage. At eight months, in addition to the 
features already noted at six months, there 
was a greater tendency for the pigmented 
markings to be arranged in a linear pat- 
tern, though some discrete foci were still 
present. Among these a few small conglom- 


Fig. 1—Lungs_ of 
guinea pigs exposed to 
Degussa amorphous silica 
dust for 24 months then 
transferred to normal air. 
A, weight of ash. B, 
weight of silica’ The 
graphs representing the 
weight of the lung ash 
and the silica content of 
the lung have been plotted 
against a vertical log- 
arithmic scale and il- 
lustrate the relative rates 
of increase and decrease 
during the exposure (24 
months) and elimination 
(12. months) phases. 
While the silica content 
of the lungs increases 
slowly with the progres- 
sive exposure, the weight 


EXPOSURE TO DUST, MONTHS 


PERIOD IN AIR AFTER 
EXPOSURE 


of the lung ash attains 
saturation level within a 


12-month period. 


TO DUST, MONTHS 
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erate lesions were detected. At the 10th 
month there had been added a number of 
areas representing diffuse pulmonary reac- 
tion. The lymph nodes were likewise larger 
than had previously been noted. At the end 
of a year there were numerous deep-pink 
areas of diffuse dust reaction, particularly 
in the anterior portions of the lung. An 
incipient emphysema of a generalized type 
was macroscopically detectable. 

The areas of diffuse dust reaction al- 
ready present at the 12th month persisted 
through the 15th month, and so did the 
accompanying early diffuse emphysema. Not 
only were the dilated superficial alveoli 
macroscopically perceptible, but the lungs 
now were voluminous. Other organs and 
the lymph nodes showed no _ additional 
change.- By the end of the 18th and the 
21st month the lungs remained voluminous 
but the dilatation of subpleural alveoli 
previously noted was now less in evidence. 
This change was accompanied by a palpably 
increased consistency of the pulmonary tis- 
sue. There were no longer any diffuse areas 
of dust reaction, but in their place reddish 
discrete foci and linear subpleural patterns 
had become established. These appearances 
persisted through the 24th month, the lymph 
nodes once more appearing to be moderately 
enlarged and some seeming to be pigmented. 

In summary, it may thus be noted that 
during the time that the guinea pigs re- 
mainded in the Degussa dust environment a 
generally progressive reaction, which stabil- 
ized toward the end of the first year, oc- 
curred, The lymph nodes swelled up initially 


but later became less prominent in appear- 
No foci of atelectasis could be dis- 
cerned macroscopically, and no consolidation 
could be found except in Animal 65, which 
had died from an intercurrent pneumonia. 


ance, 


Histological Changes.—The component 
structural changes which occurred in this 
series of guinea pigs have been summarized 
in Table 4. 

By the end of four months the funda- 
mental pattern of chronic reaction of the 


lung tissue of the guinea pig to the inhaled 
212 


Degussa dust was firmly established. It con- 
sisted almost entirely of a focal periductal 
and peribronchiolar reaction. No nodules 
developed. 

Within the alveolar spaces large vacuo- 
lated cells were characteristic of the reac- 
tion at this stage (Plate II, 4). Many of 
these cells were multinucleated giant cells. 
Occasionally single large cells could be 
found in the alveoli. The latter cells were 
almost completely filled with vacuoles and 
mostly had only one nucleus, in which there 
were several prominent nucleoli. The con- 
tents of the vacuoles could not be identified, 
but the presence of small black granules 
within some of the vacuoles furnished a 
hint that at least some of these vacuoles 
contained dust particles. At the same time 
the mural epithelium had undergone swell- 
ing, the component cells having enlarged. 
No doubt these partly constituted the source 
of the cells which eventually occupied the 
alveolar spaces. The alveolar spaces around 
the terminal bronchioles and the alveolar 
ducts became filled with these large cell 
masses, and the alveolar walls likewise were 
infiltrated by cells. At the same time, cells 
became grouped around the majority of the 
juxtabronchiolar blood vessels, through in- 
vasion of the perivascular lymphatics ( Plate 
II, B). These infiltrating cells tended to be 
smaller than those which were present with- 
in the alveolar spaces and consisted of both 
koniophores and plasma cells, with some 
histiocytes among them. A few lympho- 
cytes and sometimes groups of eosinophils, 
leukocytes, and occasional fibrocytes could 
be found, 

The hilar lymph nodes had commenced to 
be infiltrated with macrophages. The inva- 
sion affected the medullary portion of the 
nodes most extensively and also involved 
the centers of the cortical follicles. Some 
of the infiltrating cells formed small colon- 
ies among the lymphocytes of the nodes 
(Plate II, C). There was no zone of de- 
marcation between these cells and the lym- 
phocytes. By the end of the eighth month of 
exposure to Degussa dust the essential pat- 
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Plate I1.—A, vacuolated alveolar giant cell and proliferating mural cells from Guinea Pig 
1230-25, exposed by inhalation to Degussa submicron amorphous silica dust for four months 
then killed. Weigert; reduced % from mag. 1700. B, infiltration of perivascular lymph 
sinuses by cells of various types from Guinea Pig 1230-25, exposed by inhalation to Degussa 


submicron amorphous silica dust for four months then killed. Hematoxylin and eosin; re- 
duced 4% from mag. X 800. C, cluster of koniophores and giant cells in tracheobronchial 
lymph node from Guinea Pig 1230-25, exposed by inhalation to Degussa submicron amorphous 
silica dust for four months then killed. Hematoxylin and eosin; reduced % from mag. 
< 700. D, multinucleated alveolar giant cell and focal mural infiltration from Guinea Pig 


1230-33, which inhaled Degussa dust for eight months and was then killed. Weigert; re- 
duced % from mag. X 800. 
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Plate IL—A, Fs in, alveolar reaction with distal dilatation of alveolar ducts 
from Guinea Pig 1230-33, exposed by inhalation to Degussa submicron eer silica dust 
for eight months then killed. Hematoxylin and eosin; reduced % from mag. X 150. B, peri- 
bronchiolar and periductal giant cell focus with alveolar atrophy from Guinea Pig 1230-33, 
exposed by inhalation to Degussa submicron amorphous silica dust for 8 months then killed. 
Mallory; reduced % from mag. X 350. C, pulmonary emphysema from Guinea Pig 1230-46, 
which inhaled Degussa dust for 15 months and was then killed. Bielchovsky; reduced % 
from mag. X 65. D, complete alveolar mural fibrosis from Guinea Pig 1230-46, which inhaled 
Degussa dust for 15 months and was then killed. Mallory; reduced % from mag. X 1700. 
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tern of chronic reaction in the guinea pig 
lung had not yet undergone any significant 
change except that more of the intra- 
alveolar cells now were multinucleated 
(Plate II, D). Fundamentally the dominant 
lesion was still based upon the peribronchio- 
lar tissues and involved mainly the alveolar 
spaces immediately adjacent to the bron- 
chioles and the alveolar ducts, although 
focal mural infiltration predominated in 
some areas (Plate III, A). The alveoli 
were almost uniformly filled — with 
multinucleated giant cells (Plate III, B). 
It seems probable, judging by the epitheliza- 
tion of these shrunken alveolar spaces and 
the large size and bizarre shapes of the 
giant cells, that these cells in reality repre- 
sented syncytial cell masses which filled the 
alveolar spaces. The effect of variations in 
techniques of fixation and staining con- 
firmed this suggestion. As a result of dif- 
ferential shrinkage of cytological elements, 
the alveolar epithelium sometimes remained 
behind to line the shrunken air spaces, and 
an amorphous piece of cytoplasmic matter 
was left within the center of each of the 
alveoli. At other times there was no distinct 
lining epithelium but there seemed to be a 
giant cell with a peripheral zone of nuclei 
which could well be the equivalent of the 
epithelial lining seen in the foregoing cases. 

In association with this cell infiltration 
there now was a measure of atrophy of the 
alveoli surrounding such bronchioles and 
alveolar ducts, and this atrophy apparently 
led to a compensatory expansion of adjacent 
alveoli. Thus the ultimate lesions presented 
the combined effect of atelectasis with con- 
solidation around the bronchiole and the 
contrasting effect of surrounding emphy- 
sema (Plate III, A and B). The bronchiole 
itself had become narrowed and distorted, 
while the alveolar ducts still continued to be 
dilated. The brunt of the constrictive and 
infiltrative change occurred in alveoli im- 
mediately around the bronchiole rather than 
around the alveolar duct. 


In relation to the partly distorted bron- 
chiole, incipient fibrosis was noted at this 
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stage. Not only was the somewhat hyper- 
trophied musculature of the bronchiole dis- 
torted by the infiltrating cells and the 
shrinkage of the surrounding alveolar 
spaces, but it was further interrupted by 
the presence of focal aggregations of dense 
collagen bundles. The lesser bronchi also 
showed a certain degree of fibrosis im- 
mediately around the respiratory passage. 
These changes occurred more commonly at 
points where bronchi subdivided to form 
component bronchioles. 


Around the shrunken bronchioles there 
seemed to be a greater condensation of 
reticulum. This appearance was partly il- 
lusory. Owing to the shrinkage and atrophy 
of alveoli and, in some instances, their 
complete de-aeration, the component reticu- 
lum of their walls was drawn closer together, 
thus giving one the false impression that 
there was a local increase in the reticulum. 
Closer examination of this reticulum showed 
that, in spite of the prolonged exposure to 
the Degussa dust and the marked tendency 
of cells toward accumulation within the 
alveolar walls, the degree of arborization 
of the mural reticulum had not advanced 
much. The small blood vessels around these 
distorted bronchioles continued to be the 
seat of cellular infiltration. Frequently these 
blood vessels tended to be narrowed, per- 
haps from pressure of the encroaching cell 
masses upon their lumina. 

At the 12th month of exposure the lung 
reaction was almost indistinguishable from 
that at the 10th month. The only significant 
change noted was further stenosis and dis- 
tortion of the bronchioles. By the end of 
the 15th month the pulmonary parenchyma 
had become the seat of moderately extensive 
vesicular emphysema with associated atro- 
phy of alveoli intervening between the dis- 
tended air spaces (Plate III, C). Not all 
parts of the lung, however, were emphysema- 
tous. At this stage the cellular reaction had 
commenced to diminish, and it would seem 
that the distention of air sacs had come to 
supersede it. Along with this emphysematous 
change and the recession of the cellular 
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Plate 1V.—Guinea Pig 1230-56, exposed by inhalation to Degussa submicron amorphous 
silica dust for 24 months then killed. A, peribronchiolar and alveolar mural reticulum and 
giant-cell reaction. Bielchovsky; reduced %4 from mag. X 350. B, epithelization of atrophic 
alveoli. Hematoxylin and eosin; reduced 4 from mag. X 350. C, minor perilymphoid macro- 
phage infiltration. Hematoxylin and eosin; reduced 4 from mag. X 350. D, focal macrophage 
infiltration of the medulla of the tracheobronchial lymph nodes. Hematoxylin and eosin; 
reduced %4 from mag. X 350. 
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reaction, diffuse collagen degeneration of 
the alveolar wall could now be discerned. 
Such mural collagenosis (Plate III, D) 
could be detected over extensive areas of 
the lung. Many of the alveolar walls had 
changed into fibrous laminae which were 
devoid of cells and capillaries. In part, the 
source of the collagen appears to be related 
to the presence at this stage of fibroycytes, 
some of which could be seen to have in- 
sinuated themselves among the collagen 
bundles, while others had become applied 
over the surface of the fibrosed alveolar wall. 
The amount of collagen found appeared, 
however, to be disproportionately greater 
than the numbers of fibrocytes seen. In this 
connection it may be mentioned that many 
histiocytes could still be found applied to 
the surfaces of the fibrosed alveolar walls. 
There were very few plasma cells, and only 
rarely were there any of the other cell types 
previously recorded. Occasionally, giant 
foamy cells still survived within the alveo- 
lar spaces. 

sy the end of the second year of ex- 
posure to the Degussa dust the trauma to 
the bronchiole had reached a further signif- 
icant stage. In many areas the bronchiolar 
lumen had become reduced to a narrow 
passage encircled by a prominent zone of 
collagen in which were embedded the hy- 
pertrophied muscle bundles. In the alveolar 
spaces immediately adjacent to such stenosed 
bronchioles there still were large accumula- 
tions of multinucleated giant cells (Plate 
IV, A). Several of these giant cells were 
noted to have engulfed some of the lipo- 
phages previously described. This suggests 
that the multinucleated giant cells may have 
been different in cytological origin from 
the foamy cells. The impression was created 
that these large cytoplasmic masses, with 
their multiple nuclei, were trapped within 
atrophic alveoli, and it is possible that their 
egress via the stenosed bronchioles was re- 
tarded. On the other hand, their abundant 
presence here could signify a very active 
phase of scavenging. They may also repre- 
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sent cells which had migrated to the peri- 
bronchiolar alveoli from distant points. 

The mural reticulum had not proliferated. 
Although a condensation of reticulum 
around the bronchioles continued to be 
simulated, this illusory effect was created 
by the atrophy of the alveoli and the con- 
striction of the lung parenchyma around 
the alveolar ducts and bronchioles. The 
marked tendency toward epithelization of 
atelectatic alveoli deserves comment. Within 
these spaces there occa- 
sionally were giant cells, but in most in- 
stances such giant cells were absent. Each 
atrophic alveolus was lined by a distinct 
cuboidal epithelium (Plate IV, B). The 
perivascular cellular infiltration had mean- 
while receded almost completely, while a 
small measure of fibrosis had supervened 
around these vessels. 

The local parabronchiolar paren- 
chymal lymph follicles had undergone no 
significant change. At the most, slight 
macrophage infiltration could be discerned 
around some of these follicles (Plate IV, 
C). Although macrophage infiltration had 
increased slightly in the tracheobronchial 
lymph nodes (Plate IV, D), the main 
change which occurred during the second 
year of exposure consisted of medullary 
hyperplasia with the formation of slight 
amounts of reticulum. No collagen was de- 
posited in these nodes, and there was no 
periadenitis or sinus catarrh. 


reduced alveolar 


Elimination Phase 


Two series of guinea pigs were used in 
the elimination phase of the investigation, 
one series being exposed in the dust room 
for 12 months and the other series for 24 
months before being transferred to normal 
air. Animals of the 12-month exposure 
series remained in normal air for periods of 
1 day to 30 days before being killed, but 
animals of the 24-month series survived in 
normal air for periods as long as one year. 
There were 18 animals of the 12-month 
series and 18 animals of the 24-month series 
in the groups transferred to normal air. 
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Fig. 2.—Lungs of 

guinea pigs exposed to 

Degussa amorphous silica 

. dust for 12 months then 

transferred to normal 

air. A, weight of ash, 

B, weight of silica. The 

graph illustrates the 

rapidly decelerating rate 

of elimination of | silica 

and the parallel rate of 

reduction of the lung ash 

during the month after 

cessation of the period of 
exposure. 
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Chemical Determinations—For the 12- 
month series of guinea pigs the silica con- 
tent of the lung diminished rapidly for a 
short time after the dust exposure (Table 
1) and thereafter more slowly. The values 
for the amount of lung ash, although 
fluctuating widely, also tended to decrease 
in the same manner. Thus the lung ash had 
been decreased by almost 30% within the 
first two weeks as compared to the ash 
level which had been established by the end 
of the first year of exposure. At the end 


Fig. 3.—Transient ex- er 
posure of guinea pigs to 
Degussa amorphous silica 
dust. Pulmonary _histol- 
ogy and silica content of 
lung ash. A, no previous 
dust exposure. B, exposed 
to Degussa dust 12 
months, then normal air 
1 month, then reexposed. 
The graphs illustrate the 
fact that animals never 
previously exposed to 
any dust retain silica and 
react histologically more 
briskly on transient ex- 
posure to Degussa amor- 
phous silica dust than do 
guinea pigs previously 
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of a month in normal air the lung ash of 
the animals had been reduced to the amount 
obtained in guinea pigs after about six 
months of continuous exposure. Elimination 
of the silica was more complete. At the 
end of the month in normal air the amount 
that remained was less than the amount 
of silica which had been retained in the 
lungs after two months of exposure to the 
Degussa dust. This means that over 70% 
of the silica had been eliminated from the 
lungs within 30 days after cessation of the 


exposed to the dust for a 
year and then allowed to 
recover for one month. 
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dust exposure. These disparate rates of de- 
crease of the silica content and the amount 
of ash of the lung are again reflected in the 
progressive reduction of the ratio of the 
SiOz to the lung ash. 

The findings for the 24-month series of 
guinea pigs (Table 3 and Fig. 1) were 
somewhat different from those for the 12- 
month series. After the dust exposure was 
completed and the animals of the 24-month 
series were transferred to normal air, the 
silica content of their lungs, instead of de- 
creasing rapidly as happened in the 12- 
month group, nevertheless increased further 
during the first month. During the succeed- 
ing 2 months this trend was reversed once 
more, and at the end of 3 months of resi- 
dence in normal air the silica levels in the 
lungs of these animals dropped to a level 
approximately equal to that which had de- 
veloped after 12 months of continuous ex- 
posure. After this stage the reduction in the 
silica content of the lungs continued pro- 
gressively. At the end of a year, however, 
a small residue of silica could still be re- 
covered from these lungs. 

The amount of ash in these lungs de- 
creased rapidly during the first month that 
the guinea pigs resided in normal air. There- 
after the ash content diminished somewhat 
less rapidly, and a plateau eventually came 
to be established. These disparate rates of 
change between the silica content of the 
lungs and the ash values during the elimina- 
tion phase are most sharply brought into 
focus by the values obtained when the 
silica was expressed as a percentage of the 
lung ash. Though this ratio continued to 
rise during the first month of residence of 
the guinea pigs in normal air, there was 
sharp and progressive reduction of these 
ratios during succeeding months. These 
changes can be explained only on the basis 
of the residual tissue reactions during this 
elimination period. 

Autopsy Findings.—In the animals re- 
moved from the dust environment after 12 
months of exposure to the dust the sub- 
pleural pigmentation was rapidly eliminated. 
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No further emphysema developed in these 
animals. The lymph nodes, however, con- 
tinued to be moderately enlarged and pig- 
mented during the first month. Slight 
pigmentation persisted in the animals killed 
a year after they had been removed from 
the dust environment. 


As judged by macroscopic examination, 
recovery occurred almost equally promptly 
and in the same degree in the animals 
which were transferred to normal air after 
two years of exposure to the Degussa dust 
(Table 3). After the first three days in 
normal air no gross anatomical change 
could be discerned, nor was there any sig- 
nificant change after the first seven days. 
At the end of a month, however, the sub- 
pleural dust reaction had become reduced 
to a few slightly depressed deep-pink foci, 
discernible mainly in the anterior portions 
of the lungs. There were a few residual 
linear markings. The lymph nodes con- 
tinued to remain pigmented and moderately 
enlarged and moderately firm. The hepatic 
lymph nodes also continued to be somewhat 
enlarged and pigmented but had decreased 
in consistency. There were no other changes 
in the rest of the organ systems. 

By the end of the third month in normal 
air an isolated focus of atelectasis had been 
added to the general appearance of the 
lungs. Pigmentation and foci of reaction 
now were few and far between, and the 
lungs seemed to be normally inflated and 
pink. The lymph nodes were still moderately 
enlarged but less firm than previously. At 
the end of six months in normal air only 
a few dark-green discrete foci of dust pig- 
mentation could be seen in the anterior 
portions. No other gross evidence of dust 
reaction could be determined. The tracheo- 
bronchial and the hepatic lymph nodes, how- 
ever, remained moderately enlarged and 
moderately firm, and there still was some 
pigmentation. The liver, spleen, kidneys, 
adrenals, thyroid, bone marrow, and abdo- 
men showed no abnormalities. At the end of 
a year in normal air there were no macro- 
scopically detectable indications of the re- 
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Plate V.—A, giant alveolar macrophages undergoing dissolution and phagocytosis from 
Guinea Pig 1230-72, exposed by inhalation to Degussa submicron amorphous silica dust for 
24 months, allowed to reside in normal air for 3 months, and then killed. Hematoxylin and 
eosin; reduced 4% from mag. X 350. B, residual mural reticulum ramifying partly into 
atelectatic alveoli from Guinea Pig 1230-80, which inhaled Degussa dust for 24 months, was 
in normal air for 12 months, and was then killed. Bielchovsky; reduced %4 from mag. X 350. 
C, bronchiolar stenosis, distortion, and fibrosis with peribronchiolar emphysema, from Guinea 
Pig 1230-78, which inhaled Degussa dust for 24 months, was in normal air for 12 months, 
and was then killed. Mallory; reduced 4% from mag. X 175. D, persistent emphysema with 
interstitial mural infiltration of the basal lobes from Guinea Pig 1230-79, which inhaled 
Degussa dust for 24 months, was in normal air for 12 months, and was then killed. Mallory ; 
reduced % from mag. X 35. 
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action to the previously inhaled Degussa 
dust. 

Histological Changes.—\n spite of gross 
indications of recovery during the elimina- 
tion phase, a number of significant pa- 
renchymal pulmonary changes _ persisted 
(Table 4). Chief among these were focal 
fibrosis of alveolar and ductal walls, 
emphysema, stenosis of alveolar ducts and 
bronchioles, with persistent myohypertrophy 
of bronchioles and pulmonary blood vessels. 
The lesions which had previously become 
well established and which regressed dur- 
ing the period in normal air were mainly 
the periductal atelectasis and cellular infil- 
trations, the collections within alveolar duct 
walls and in the alveoli immediately sur- 
rounding them and the reactions in the 
lymphoid tissues. 

The fact that the cytological elements 
left the lung tissues so effectively indicates 
that these cells were neither dead nor com- 
pletely trapped in the atrophic alveoli, The 
giant cells underwent shrinkage and some- 
times engulfed other cells (Plate V, A). 
Most of the intra-alveolar cells had left by 
the end of six months in normal air, The 
alveolar walls of the upper lobes of the 
lungs had lost most of the cells with which 
they had previously become infiltrated. In 
the basal lobes, however, the mural infil- 
tration increased somewhat, particularly dur- 
ing the final portion of the year of residence 
in normal air. 

As the cells disappeared from the alveolar 
walls and from the ducts and_periductal 
alveoli, the degree of residual fibrosis be- 
came the more apparent, Reticulum prolifer- 
ation predominated, particularly around the 
alveolar ducts and blood vessels and in the 
angle between various alveoli (Plate V, B). 
Collagen also replaced many of the alveolar 
walls. 

The foregoing fibrotic processes no 
doubt were a factor in the persistent stenosis 
of alveolar ducts and bronchioles, especially 
in the basal lobes (Plate V, C). There also 
was a measure of myohypertrophy in the 
walls of the bronchioles. Many of these 
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muscle bundles were surrounded by dense 
collagen. 

Emphysema which had become established 
during earlier phases decreased somewhat 
in the upper lobes of the guinea pigs, though 
occasionally prominent bullae formed. In 
the basal lobes the emphysematous process 
appeared to be progressive and reached 
marked proportions by the end of a year 
of residence in normal air (Plate V, D). 

In spite of these changes, however, none 
of the guinea pigs died from natural causes 
during the full three years of the experi- 
ment, and all appeared to be quite 
comfortable. This is quite a remarkable ex- 
perience for experiments with siliceous sub- 
stances. The conclusion cannot be escaped 
that either the foregoing signs of persistent 
pulmonary damage remained subliminal in 
their physiological effects or else that, along 
with the pulmorary trauma exerted by the 
Degussa dust, a measure of protection 
against intercurrent infections had been 
simultaneously imparted. 


III. Reexposure Study 

The group of 13 guinea pigs which had 
been removed from the dust environment 
after one year and had been allowed to 
reside in normal air for one month, 
reexposed to the dust in subgroups for 8 
hours and for 24 hours, may now be com- 
pared with the group of guinea pigs, never 
previously exposed to dust, which had in- 
haled the Degussa dust for 8 hours and 
for 24 hours. At this point it should be 
explained that although the acute tissue 
reactions in the latter group have been 
described first in this account, these guinea 
pigs were exposed to the dust at the same 
time that the animals, which had previously 
been exposed for 12 months and then al- 
lowed to reside in normal air for 30 days, 
were reexposed to the Degussa dust. In this 
way it was insured that each group received 
the same dose of dust. Data concerning these 
animals are assembled in Tables 1 and 2, 
and the differences in reaction which were 
observed have been graphically summarized 
in Figure 3. 
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Chemical Determinations —Owing to the 
variations which may occur in any group of 
animals, the small differences revealed by 
the chemical analysis of the 8-hour and of 
the 24-hour animals (Table 1) may be 
normal deviations unrelated to the dust ex- 
posure. Certain tentative inferences, how- 
ever, can be drawn from the analyses. For 
guinea pigs not previously exposed to dust 
the silica content of the lung increased 
rapidly at first, from about 0.1% to 0.2% 
(the value for unexposed guinea pigs) to 
about 1.0% for the first 8 hours of exposure 
and then more slowly to 1.3% for 24 hours. 
The guinea pigs that had already inhaled 
the dust for a year seemed to accumulate 
less silica during the 24-hour reexposure 
than did the group not previously exposed. 
This situation is revealed especially by the 
values for SiOe, per cent of dried lung, and 
suggests that pulmonary tissue modified by 
the previously inhaled dust will not retain 
silica so readily on subsequent reexposure. 
The slightly lower values for the lung ash 
of the 24-hour animals, in comparison with 
the values for the 8-hour animals, also may 
be significant, since this reduction of ash 
value was more pronounced for Group III 
than for Group I. 

Autopsy Findings.—The only grossly dis- 
cernible pulmonary change was marked con- 
gestion of the basal regions. This reaction 
was directly comparable to that obtained 
in the guinea pigs which had never prev- 
iously been exposed to the dust, thus indicat- 
ing that on partial recovery an acute reaction 
could once more be induced by reexposure 
to the dust. The reaction seemed to be 
slightly less sharp than that in the normal 
control group. These observations were, 
however, influenced by the residual reaction 
to the preceding year of exposure. 

Histological Changes.—The comparisons 
between the control series of animals never 
previously exposed to dust and the reex- 
posed group are summarized in Table 2. 
Except for the sign of basal hyperemia with 
macrophage catarrh into the alveoli, the tis- 


response to the inhaled dust was 


appreciably less in the reexposed group 
than in the guinea pigs never prev- 
iously exposed to the Degussa dust. 
This may indicate that the animals had de- 
veloped a measure of tolerance to the sub- 
micron amorphous silica as a result of 
inhaling this substance for a year. On the 
other hand, this unresponsiveness may sig- 
nify that lungs of these guinea pigs had been 
damaged sufficiently to diminish the defense 
reaction represented by the cellular re- 
sponses observed in the control group. 

These observations, though limited, have 
a potential pragmatic value in that they 
may suggest the manner in which industrial 
personnel may respond under comparable 
circumstances. 


IV. Comment 


The virtual failure of the lymphoid tissue 
to react to the inhaled Degussa submicron 
amorphous silica dust is a distinctive fea- 
ture of the biological behavior of the guinea 
pig lung as compared with the response of 
the rat lung under identical exposure.! In 
view of the extensive invasion of the peri- 
bronchial and perivascular lymphatic si- 
nuses, it is difficult to account for the lack 
of response in the lymph nodes proper. Pos- 
sibly the scavenging capacity of the alveolar 
lining cells is more effective in the guinea 
pig than in the rat with respect to submicron 
particles. By contrast it may be mentioned 
that in the case of inhaled particulate quartz 
there is equal participation of the reticulo- 
endothelial system in both rats and guinea 
pigs. Perhaps, too, the early formation of 
giant cells may have been a factor. These 
large cells do not normally enter the mural 
lymphatics and are probably mostly evacu- 
ated via the respiratory passages. 


A point of fundamental biological inter- 
est may be partially elucidated by the man- 


ner of origin of these giant cells. The 
present study strongly suggests that they 
may arise as a result of the confluence of 
the hypertrophied lining cells of the alveoli. 
Giant cells are often found in pulmonary 
granulomata of various kinds but are gener- 
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ally presumed to arise from mesenchymal 
components of the lung parenchyma or even 
to be derived from the reticuloendothelial 
system. There is some support for the con- 
cept of the septal cell source of the intra- 
alveolar multinucleated giant cells in the 
observation that similar confluence of mural 
epithelial cells was observed around crystals 
in rats exposed to beryllium sulfate.* Such 
a concept does not negate the mesenchymal 
origin of the intra-alveolar giants if one 
accepts the theory that the lining membrane 
of the lung itself is mesodermal in origin. 

The disparate rates of development of 
mural reticulum and mural collagen is of 
some significance. In the rats reticulum 
formation predominated, whereas in the 
guinea pigs more collagen than reticulum 
was formed in the alveolar walls. The in- 
creased reticulum observed at a late stage 
in the guinea pigs which had been allowed 
to reside in normal air for 12 months 
following 24 months of exposure to the De- 
gussa dust tended to project into the alveo- 
lar spaces and probably represented the 
supporting framework for cells which had 
meanwhile emigrated from the lungs. In 
the case of the rats the main cellular reac- 
tion involved the alveolar walls, and_ this 
may account for the predominance of intra- 
mural reticulum. 

The origin of the collagen in the walls of 
the alveoli and alveolar ducts appears to be 
linked with the appearance in these struc- 
tures of sparse fibroblasts. These 
however, were too few to account for the 


cells, 


presence of all the collagen. The suspicion 
has arisen, therefore, that the alveolar sep- 
tal cells may themselves have been a factor 
in the production of this collagen. Some of 
the large macrophages often contained par- 
ticles which resembled collagen in respect 
to their staining properties. Whether these 
were secretory products or ingested matter 
could not be settled by this study, but the 
weight of evidence favors the view that 
these granules were being produced by the 
macrophages. 
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In spite of the rather pronounced stenosis 
of alveolar ducts and bronchioles, of the 
supervention of mural fibrosis and emphy- 
sema, and of the narrowing of many blood 
vessels, the guinea pigs seemed to thrive. 
This observation for the guinea pigs is in 
sharp contrast to the rapidity with which 
the rats succumbed to the effects of the 
inhaled Degussa dust. Evidently one is con- 
cerned here either with the question of 
dosage or with the problem of pulmonary 
reserve in different species. A dust ex- 
posure of 1.5 mg. per cubic foot of air may 
be lethal for a rat and yet allow guinea 
pigs to survive. The size of the animals, 
however, is not the critical factor, for it 
will be recalled that the rabbits also tended 
to die under exposure. Inactivity of the 
guinea pigs, as compared to the rats, does 
not provide an adequate explanation for 
their survival, as the rabbits were subjected 
to even greater enforced idleness. It would 
seem rather that the functional reserve of 
the guinea pig lungs had not yet been ex- 
hausted. One should also take cognizance 
of the fact that as long as the silica particles 
remained confined to the intra-alveolar giant 
cells they had not yet, strictly speaking, 
effectively penetrated the pulmonary pa- 
renchyma. 

It was hinted at in the account of the 
effect of inhaled Degussa dust on rats that 
the animals may have been protected against 
intercurrent respiratory infection. The ab- 
sence of spontaneous deaths in the series 
of guinea pigs may merely be a coincidence. 
It has been our experience in experiments 
with siliceous dust, however, to anticipate 
increasing fatalities from respiratory in- 
fections as the pneumoconiotic lesions pro- 
gress. The significance of the absence of 
such infections in the rats and guinea pigs 
exposed to the Degussa dust, therefore, de- 
serves further inquiry. 

The chemical analyses in these animals 
Thus the 
amount of silica retained in the lungs of the 
exposed animals in the present experiment, 
in comparison with experiments with other 


elucidate a fundamental point. 
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siliceous dusts, was rather small. In one ex- 
periment with an amorphous silicate dust 
the maximum value for ash, per cent of 
dried lung, exceeded 25% and for SiOz, 
per cent of ash, was greater than 65%. This 
silicate dust provoked virtually no cellular 
response in the lung. For guinea pigs in- 
haling quartz dust daily the value for SiQs, 
per cent of ash, will increase continuously 
for a number of months and then, after 
reaching a peak level usually between 40% 
and 50%, will decrease somewhat, even 
though exposure is continued. This reversal 
is probably due to the fact that although 
quartz dust continues to accumulate in the 
lungs, inorganic components produced in the 
progressive tissue reaction are being de- 
posited even faster and hence the ratio of 
silica to inorganic elements, or per cent of 
SiOz in the ash, decreases. The Degussa 
dust produced changes at the opposite ex- 
treme. The maximal ratio of the SiO» to 
the lung ash which was attained during 
exposure was only 7.9%, and this value in- 
creased to 12.3% a monih after dust ex- 
posure had been terminated. In this instance 
the terminal increase was undoubtedly 
partly due to rapid reversal of the tissue 
reaction. The ease with which the silica 
could be removed from the lungs and the 
almost complete absence of a lymphoid tis- 
sue response, which suggested failure of 
storage of silica at these sites, no doubt con- 
tributed in keeping the silica levels as low 
as they remained in these guinea pigs. 


Summary 


An account is rendered of the structural 
changes in the pulmonary tissues of guinea 
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pigs during exposure by inhalation to De- 
gussa submicron amorphous silica dust for 
periods up to 24 months and during periods 
of residence of the guinea pigs in normal 
air for periods up to 13 months after a dust 
exposure of 12 months or of 24 months. 

In the guinea pig the dominant response 
consisted of periductal and peribronchiolar 
intra-alveolar accumulations of giant cells. 
This process was reversed on cessation of 
the dust exposure. 

While some cellular infiltration occurred 
around blood vessels and respiratory pas- 
sages, the lymphoid tissue was affected to a 
minimal extent only. 

Residual sequelae of the tissue reactions 
were emphysema, mural fibrosis, and bron- 
chiolar and ductal stenosis. 

The Degussa dust proved nonlethal to 
guinea pigs by inhalation at a dust concen- 
tration averaging 1.5 mg. per cubic foot of 
air. Despite the pulmonary lesions, no dis- 
ability became apparent. 


Saranac Laboratory. 
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Portable Carbon Monoxide Uptake Apparatus 


Estimation of Functional Residual Capacity and Pulmonary Diffusion 


G. C. R. CAREY, M.B., D.P.H.; J. J. PHAIR, M.D., Dr.P.H.; R. J. SHEPHARD, M.8., Ph.D., and 
M, L. THOMSON, M.B., Ph.D., Cincinnati 


Introduction 


During the period January-April, and 
September-December, 1955, two field trials 
were carried out by this department to as- 
certain if long-term low-level air pollution 
in a city such as Cincinnati could be corre- 
lated with a deterioration of human health 
as measured by patient symptoms and ob- 
jective tests of pulmonary function. A 
report on this work will appear at a later 
date. 

It was realized that the tests used in these 
early surveys (pulmonary pressures and 
timed vital capacity) were sampling only 
the mechanical aspects of pulmonary func- 
tion, and it was therefore thought profitable 
to devise a test of pulmonary diffusion, us- 
ing a carbon monoxide-helium technique. 
As with the other tests, the first essential 
was to modify an existing method so that 
the investigation could be carried out rapidly 
by practical nurses, working three times a 
week in the homes of each of our patients. 

The present paper describes a portable 
apparatus developed for our 1956. air 
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pollution survey (Carey, Phair, Shephard, 
and Turner—in preparation) and subse- 
quent modifications that permit the more 
accurate determination of pulmonary dif- 
fusing capacity. 


Methods 
1. The Box-Bag 


(a) The Apparatus—The apparatus is based 
largely on that of Bates.” A mixture of 0.1% 
carbon monoxide and 12% helium in respirable 
air of a known constant composition is breathed 
from one Neoprene bag to a second similar bag 
through a one-way respiratory valve, the experi- 
ment commencing and ending at the same point in 
the respiratory cycle, namely, the end-tidal posi- 
tion. 

A photograph of the apparatus is given in 
Figure 1. The two bags (meterological balloons 
of 40 liter capacity) are suspended from the top 
inside a rigid Lucite box (0.48 om. wall, 2822 
cm. base, 35 cm. high, 21 liter capacity). Each 
bag communicates via Lucite tubing (internal 
diameter >2 cm.) with a three-way tap of Lucite 
or aluminum mounted on top of the box. The 
remaining ports on each of the three-way taps 
communicate with the interior of the box outside 
the bags, and with the valved mouthpiece assembly. 
Thus, according to the position of the taps, air 
may be breathed to and from the box, from Bag I 
into the box, or from Bag I into Bag II. 

Tidal excursion is indicated by a light rubber 
bellows (capacity 1 liter), sealed to the top of the 
box, and carrying a pointer which traverses a 
vertical scale. Two movable arrows near this scale 
are clearly visible to the patient, and may be ad- 
justed to indicate the tidal excursion as necessary. 
During normal operation of the test, the patient 
is required to breathe at a constant rate and ampli- 
tude, the latter being controlled by means of the 
flags and pointer. An accurate measure of tidal 
volume is later obtained by dividing the total 
volume of gas introduced into the inspirate bag by 
the total number of respirations required to com- 
plete the test. Respiratory rate is calculated from 
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a stop watch measurement of the time taken over 
the test. 

Tubes of 0.4 cm. internal diameter lead directly 
to the interior of the bags. These are used for 
sampling, filling Bag I, and emptying Bag II. They 
are closed by screw-clip or artery forceps when 
not in use. 

(b) Technique.—Both bags are emptied by rais- 
ing and lowering the bellows manually with three- 
way Tap I (on the inspiratory side) open to Bag 
1, and Tap II open to the box. This procedure 
forces gas from Bag | through the mouthpiece to 
outside air, and gas from Bag II through the small 
sampling tube, which is thereupon closed. Tap I is 
now turned to the box, and further manual opera- 
tion of the bellows washes this out with fresh air 
via the mouthpiece. Bag I is filled with 10 liters 
of the carbon monoxide-helium mixture, and the 
box is then ready for use. 

The patient holds his breath momentarily at the 
end of a normal expiration, and fits his lips around 
the mouthpiece while the nurse holds the bellows 
at the level of the expiratory flag. He then is 
permitted to breathe into and out of the box until 
his rate and amplitude of breathing are stabilized 
at the desired levels. In practice, most patients 
reach a satisfactory and constant pattern of respira- 
tion quite rapidly, having been given one or two 
“trial runs” on the apparatus at the beginning of 
the survey. When the patient has settled down, 
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Fig. 1—Portable Box.- 
Bag Apparatus. 4, Bag 
I (Inspirate). B, Bag 
II (Expirate). C, and D, 
three-way Taps | and II. 
E, spirometer bellows. F, 
bellows scale and point- 
ers. G, portable gas 
cylinder. H, nose clip. /, 
mixing syringe. K, gas 
sampling bottle. L, and 
M, artery forceps clamp- 
ing sampling ports to 
each bag. 


Taps I and II are simultaneously turned, again at 
the end of a normal expiration, so that gas is now 
breathed from Bag I to Bag II. Respirations are 
counted, and breathing time measured. As soon as 
Bag I is empty, the patient again makes a normal 
expiration and both taps are switched to the outer 
compartment of the box; the patient is then dis- 
connected. 

The expirate in Bag II is mixed by means of a 
100 ml. syringe applied to the sampling tube and 
four samples (250 ml. each) are withdrawn for 
subsequent analysis in the laboratory, using special 
bottles described below. 

(c) Gas Analysis—Helium is determined by a 
standard Katharometer (Cambridge Instrument 
Co., London) calibrated for mixtures of helium in 
air saturated with water vapor. Since the apparatus 
is sensitive to carbon dioxide, the test mixtures are 
passed through a soda lime tube and lime water 
bubbler. The latter serves to saturate the gas 
with water vapor, and also indicates when the soda 
lime is almost spent. It is necessary to correct the 
observed helium concentrations for the change of 
volume caused by carbon dioxide absorption—for 
the present purpose a correction of 3.0% is suffi- 
ciently accurate for all mixtures of expired gas. 
If gas is passed slowly into the instrument, a mini- 
mum of 60 ml. is required for the determination. 

Carbon monoxide is measured by an infrared gas 
analyzer (Liston-Becker Plant, Beckman Instru- 
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ments, Inc., 649 Hope Street, Springdale, Conn.). 
The analyzer is calibrated before each series of 
readings against standard cylinders of 0.061% CO 
and 0.032% CO in air. There is no interference 
between helium and carbon monoxide with this 
apparatus, and carbon dioxide and water vapor 
effects are minimized by preliminary “filter” cells 
charged with 100% COs in water vapor. A 
minimum of 100 ml. of gas mixture is required 
for each reading. 


2. Portable Gas Container 


To avoid the necessity of measuring gas volumes 
in the field, the following procedure was developed. 
A light-weight propane gas cylinder of approxi- 
mately 1 liter capacity (Otto Bernz Co, Inc., 
Driving Park and Ramona, Rochester 13, N. Y.) 
was evacuated by a HyVac pump, and then charged 
from a large cylinder of the carbon monoxide- 
helium mixture to 171 p. s. i, using an accurate 
pressure gauge and appropriate reducing valve. 
On any one day, the volume delivered by successive 
refills was constant to within 0.05 liter. The abso- 
lute volume did of course vary slightly from 10 
liters with day-to-day changes in barometric pres- 
sure, and to a lesser extent with changes in the 
pressure of the main gas tank. In order to allow 
for this, a volumetric check was carried out on 
one of each day’s batch of cylinders, using a 
standard laboratory gas meter. 


3. Gas Sampling Bottle 


Apart from the inconvenience of using mercury 
in a patient’s home, the standard 100 ml. Haldane- 
Priestley glass sampling bottle was unwieldy, ex- 
pensive, and of inadequate capacity for the present 
purpose. The bottle shown in Figure 2 was there- 
fore developed as an alternative. 

A strong glass bottle of 270 ml. capacity has a 
two-holed rubber stopper through which are in- 
serted copper tubes of 2-3 mm. bore. To the 
internal end of one copper tube is sealed a rubber 
balloon of such a size as to be capable of filling 
the bottle when expanded. The outer ends of the 
copper tube communicate with each other via a 
1 in. length of polyethylene tubing, and also bear 
side-arms terminating in polyethylene tubing closed 
by screw-clips. The bottle is reinforced externally 
by strips of adhesive tape and enclosed in a special 
container made from corrugated cardboard and 
stout fabric for additional safety in the home. The 
several joints are sealed with “Glyptal” (General 
Electric Co., Cincinnati) applied externally under 
vacuum. 

In the laboratory, both rubber balloon and bottle 
are evacuated by attaching one side-arm to a 
HyVac pump. A vacuum of less than 1 mm. Hg. 
pressure is readily attained, and a vacuum of 1 cm. 
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Fig. 2—Diagram to show details of sampling 
bottle. 


can normally be maintained for 24 hours or more. 
This is satisfactory for the present purpose, since 
it is seldom that more than two hours elapses 
between evacuation of a bottle and collection of 
the sample. However, it is wise to carry out a 
24-hour vacuum check on all bottles before use. 

During field sampling, gas is admitted from Bag 
Il to balloon and bottle. Gas concentration is then 
equal inside and outside the balloon, and diffusional 
loss does not occur during the period of storage. 
By collecting the sample through arm Ts, a slight 
pressure differential is created between bottle and 
balloon, and the actual volume of gas entering the 
balloon is quite small. 

On return to the laboratory, the central poly- 
ethylene tube is closed by a screw-clip, thus isolat- 
ing the balloon from the bottle. Gas is then driven 
into the analyzer at atmospheric pressure by 
forcing air into the balloon from a 100 ml. syringe. 


4. Recent Modifications of the Box-Bag 


The main disadvantage of the original box-bag 
is that the total period of breathing the carbon 
monoxide-helium mixture is limited by the capacity 
of the bags to a little over a minute. A modifica- 
tion of the technique now permits the patient to 
breathe from the apparatus for three or more 
minutes, thus giving a much closer approach to 
the “steady state.” 

A supplementary gas cylinder contains approxi- 
mately 0.14% CO and 27% oxygen. The outer 
compartment of the box is flushed with this mix- 
ture before use. The inspirate bag is filled with 
0.1% CO as before. The patient then breathes 
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from the outer atmosphere of the box for two 
minutes; at the end of this time, the gas concentra- 
tions in the outer compartment have dropped to 
approximately 0.1% CO and 21% oxygen. He is 
then switched to the bag circuit and continues the 
test as in the original method. Carbon dioxide 
accumulation during the period of rebreathing is 
prevented by means of a tray of soda lime in the 
base of the box. 


Physiological Basis of the Procedure 


With the original design of apparatus, it 
is possible to obtain a figure for the carbon 
monoxide uptake, expressed either as an 
absolute volume, or as a fraction of the 
volume of gas mixture inspired. The frac- 
tional uptake may be affected by changes 
of tidal volume and respiratory rate, but if 
these factors are controlled by the investi- 
gator, the uptake of carbon monoxide is 
determined more simply by the rate of the 
reaction between hemoglobin and carbon 
monoxide, the volume of blood in the pul- 
monary capillaries,* and the characteristics 
of the alveolar-capillary membrane. 

Under the conditions of the air pollution 
survey, the rate of reaction is not impor- 
tant. It may differ slightly from one indi- 
vidual to another, but in a given individual 
at a given oxygen tension, it should be 
reasonably constant from day to day. Back- 
pressure effects should not be important 
with the short period of testing, and few 
of the patients in the survey smoked. None 
were tested sooner than half an hour after 
their last cigarette. Less is known about 
possible changes of pulmonary blood vol- 
ume. The increase of diffusing capacity that 
is known to occur with exercise is probably 
related to an increase of pulmonary capillary 
blood volume, and it is conceivable that 
some day-to-day changes of capillary vol- 
ume may also be produced by alterations in 
the environmental conditions of smoke, sul- 
fur dioxide, temperature, and humidity. 
However, it seems probable that the factor 
most likely to affect carbon monoxide uptake 
during the air pollution survey is an altera- 


* Some investigators prefer to consider the sur- 
face area of the pulmonary capillaries as the sig- 
nificant factor. 
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tion in the characteristics of the alveolar- 
capillary membrane. 

In the original form of the test, part of 
the carbon monoxide is lost to the apparatus 
through mixing with gas in the lungs. Over 
the space of one minute, the carbon monox- 
ide mixes largely with the well-ventilated 
components + of the functional residual ca- 
pacity, and some estimate of this volume can 
be formed from changes in helium concen- 
trations over the course of the experiment. 
It seemed a reasonable compromise to accept 
this approach for the following reasons: 

1. Recent studies by Dubois and his col- 
leagues * have suggested that the volume of 
the poorly ventilated component of the func- 
tional residual gas volume is not adequately 
determined even by prolonged breathing of 
helium mixtures. 

2. Carbon monoxide is no more likely to 
be distributed to the poorly ventilated space 
than is helium—indeed, from the stand- 
point of gas uptake, the poorly ventilated 
space is physiologically unimportant. 

Before discussing details of the method 
of calculation, the symbols used will be 
summarized. They follow largely the recom- 
mendations of Pappenheimer.* 

Fiy. represents the fraction of helium in in- 

spired gas, 

FEy. tepresents the mean fraction of helium 

in expired gas, 

F Aye Tepresents the mean fraction of helium in 

the “well-ventilated space,” 

Vi ‘represents the total volume of inspired gas, 


VFR Tepresents the volume of the “well- 
ventilated space,” 
VpD_ represents the mean volume of the physio- 
logical dead space, and 
Vi ‘the mean tidal volume. 
Then, at the end of any one experiment, a volume 
of helium Fy,,,.V1 has been distributed as follows : 


+ We subscribe to the view that the average pat- 
tern of alveolar ventilation is described by a con- 
tinuous series of ventilatory coefficients distributed 
in a skewed fashion. It is possible to divide the 
series at any arbitrary point into well-ventilated 
and poorly ventilated components, but if the divid- 
ing line is taken as the fraction with near perfect 
mixing (half time<0.5 min.) then 75%-80% of 
the total F. R. V. of a normal individual is in- 
cluded (Jones *). 
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10.995*V1] + Faye 
(1) 
At the end of a minute, FA,, is approaching 
Fiy,- The rate of convergence of the two terms 
is difficult to. calculate, since alveolar ventilation 
is essentially a discontinuous process. However, 
it can be shown that if errors caused by the first 
respiratory half-cycle be ignored, the two terms are 
related by a function of the type 


where n is the number of respirations. 
average conditions at 
[FAye=0.9 F1,,,]. Since 
relative to VFR, equation (1) may be reduced to 

VFR 
Fine FEn | 

Fine 

In the case of carbon monoxide,’ conditions at 


the end of the experiment are represented by a 
somewhat analagous equation: 


Figo: V1= FE ¢ol0.995.V11+F Aco 
[Veg —Vb]+Figg. 


FagoAt 


Under 
the end of one minute 


Vp small 


Whence 0.9 VFR (3) 


VD +D.713 (4) 
1 


where D is the diffusing capacity for carbon 


monoxide, and t is the duration of the experiment. 

At the end of a minute, FA,g has virtually 
reached an equilibrium value. However, the 
process differs from equation (2) in that an addi- 
tional term is introduced by diffusion of gas into 
the blood stream. Since diffusional loss is pro 
portional to the alveolar concentration of carbon 
monoxide, conditions during the first iteration may 


be represented rather simply by an equation of the 
type: 


1 VFr 
Rea 
—D.713 

VFr 
where f is the frequency of respiration. The 
mathematical implications of the additional term 
are discussed more fully by Gilson and Hugh- 
Jones,® and from their work it is clear that within 
any given alveolar unit, carbon monoxide tends to 
reach equilibrium faster than does helium. 

The solution of equation (4) in terms of 
D involves two main assumptions. Figo.VI 


t This term is introduced to allow for changes 
of gas concentration produced by an average pa- 
tient with an R. Q. of 0.80. For practical purposes 
it may be neglected. 


(5) 
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The final 


FAco approximates fairly closely to 


and are known accurately. 
value of 
FEgo, for although the latter is diluted by gas 
from the well-ventilated component of the func- 
tional residual gas volume, absorption of carbon 
monoxide causes the instantaneous value of FAgo 
to drop below the corresponding FE, reading 
during the expiratory phase of the respiratory 
cycle. Direct comparison of the two values after 
one minute in a series of four normal subjects 
showed an average FEgg value of 0.0473% and 
an end-tidal Fagg of 0.0406%. During inspira- 
tion, the correspondence between the two readings 
would be much closer. The term 
[Fico—FAcol VB 
is small, and in an approximate solution may be 
neglected. The equation then reduces to the form: 
AgoAt 


1.713 Figg: V1 FEco 


t 

[VitVeRl] (6) 
Where carbon monoxide uptake is being 

compared from day to day, it is important 

to ensure that in a given patient, the term 


o 
FAgo4t remains reasonably  con- 


t t 


stant. This can be achieved by careful con- 
trol of tidal volume and respiratory rate, and 
the carbon monoxide uptake then gives at 
least a good qualitative index of the resting 
diffusing capacity of the lungs. 

The modified technique (page 227) gives 
a more accurate measure of pulmonary dif- 
fusing capacity, since many of the assump- 
tions made in the above calculations are no 
longer necessary. There is no appreciable 
change in the gas content of the lungs dur- 
ing the period of breathing from the bag 
circuit, and carbon monoxide uptake is 
derived simply from the difference in con- 


centration between inspirate and expirate 
bags: 


[ Figo VI (7) 
t 
t 


The alveolar carbon monoxide concentra- 
tion is also relatively constant, and can be 
determined by having the patient breathe out 
maximally at the end of the test, so that a 
direct estimate of diffusing capacity is ob- 
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tained. However, it will be noted that the 
modified technique gives no information on 
the size of either well or poorly ventilated 
components of the functional residual vol- 
ume. 


Comment 


The main requirement with a field proce- 
dure of this type is that the apparatus should 
be portable from automobile to home. The 
total weight must be kept to a level that 
can be handled by a nurse on her own, 
bearing in mind that in a detailed survey 
she may have to carry many other items of 
equipment. The present Lucite box weighed 
no more than 8 Ib., sampling bottles and 
gas cylinders bringing the total effective 
weight of the apparatus for this test to 14 
lb. Under field conditions, it is also im- 
portant that the apparatus should be robust 
and sufficiently simple to be operated by 
trained practical nurses, Experience of the 
box-bag during our 1956 air pollution sur- 
vey suggests that these requirements are 
well satisfied by the equipment. 


Where the main object is the correlation 
of changes in the day-to-day performance 
of a given patient with changes in the level 
of atmospheric pollution, certain assump- 
tions which reduce the complexity of both 
apparatus and subsequent calculations seem 
justified even at the cost of some reduction 
in absolute accuracy. With the closed-circuit 
apparatus, it does not seem possible to 
achieve more than a measure of the well- 
ventilated component of the functional resi- 
dual gas volume even after several minutes 
equilibration. The accuracy of the prediction 
could perhaps be increased by a two- or 
three-minute period of testing, but normal 
subjects with a respiratory rate of 14-15 
breaths a minute will in one minute indicate 
a volume that is 88%-92% of the true 
volume of the well-ventilated space, and it 
is comparatively simple to apply a 10% 
correction if an approximate absolute read- 
ing is required. 

It is not possible to obtain an absolute 
value for the pulmonary diffusing capacity 
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from the one-minute experiments, since the 
value of 
F AgoAt 


t 


is not known with any precision, However, 
its magnitude is dependent largely on tidal 
volume and respiratory rate, and if these 
factors are controlled, it should prove pos- 
sible to compare different individuals in 
terms of carbon monoxide uptake, 

By modification of the apparatus to in- 
crease the period of breathing the carbon 
monoxide mixture, it is possible to calculate 
absolute values for D,,. However, this in- 
troduces the more complicated technical 
problem of obtaining an alveolar gas sam- 
ple; also it'is no longer possible to relate 
changes of carbon monoxide uptake to 
changes in the volume of the well-ventilated 
space. Careful study will therefore be re- 
quired to determine whether the new tech- 
nique does in fact give more accurate re- 
sults under the conditions of a field study. 

An alternative method of investigating 
carbon monoxide diffusing capacity might 
be to develop a portable form of the single- 
breath apparatus as devised originally by 
Krogh® and more recently modified by 
Forster and his colleagues.’ The relative 
merits of the single-breath and steady-state 
approaches have been discussed extensively 
in recent years (Bates and Pearce,’ Forster 
et al."), but it should be noted that there 
are still several serious objections to the 
single-breath test as presently formulated: 

1. It is assumed that the indicator gas 
(10% helium) achieves perfect mixing at 
the alveolar level within 0.1 seconds, and 
that the helium concentration in a given 
portion of alveolar gas undergoes no sub- 
sequent change over the course of 10 seconds 
breath-holding. The concept of complete 
mixing within 0.1 seconds is based on some 
calculations by Rauwerda,® and in fact 
subsequent experimental work has failed to 
substantiate the mixing times quoted in 
Rauwerda’s thesis (Shephard '). There is 
also experimental evidence that a continu- 
ous interchange of gas between adjacent 
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parts of the lung materially affects the slope 
of the “alveolar plateau” over the period 
2-10 seconds. It therefore seems highly ques- 
tionable to predict the initial carbon mon- 
oxide concentration in any one alveolar 
unit from the helium concentration ob- 
served at the end of the period of breath- 
holding. 

2. Studies with different lung volumes 
(Gaensler: personal communication) have 
shown that values for carbon monoxide up- 
take by the single-breath technique are 
greatly influenced by the initial chest vol- 
ume—apparently because inspiration in- 
creases the available capillary surface. 
Unless chest volume is indicated during the 
single-breath technique, an important error 
is again introduced. 

3. If satisfactory alveolar plateaus are 
to be obtained, it is essential that subjects 
hold their breath without air movement, and 
for repeatable determination of D,. the 
period of breath-holding should be well 
controlled and approximate closely to 10 sec- 
onds, Forster has claimed that average clin- 
ical subjects are able to achieve a respiratory 
discipline of this order, but this has not 
been borne out in at least 10% of our ex- 
periments, 

There may well be ways of overcoming 
some or all of these technical problems, but 
until these have been devised, there would 
seem little profit in attempting to use the 
single-breath technique in field survey work. 


Summary 


A portable version of the Christie and 
Bates box-bag suitable for field survey work 
is described, This apparatus gives approxi- 
mate values for both functional residual 
capacity and carbon monoxide uptake. The 
limits of accuracy are defined on theoretical 
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grounds, and it is concluded that the appara- 
tus is adequate to follow variations in the 
physiological state of a given patient, pro- 
vided that tidal volume and respiratory rate 
are carefully controlled during the test. 
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Symptoms in Workers Exposed to Isocyanates 


Suggested Exposure Concentrations 


GEORGE M. HAMA, M.S., Detroit 


A unique chain of circumstances in a 
Detroit automobile plant produced varying 
exposures to organic isocyanates, which, in 
a rough way, suggested concentrations at 
which workers will have early symptoms 
and complaints from organic isocyanates. 

Approximately 12 workers having an 
eight-hour day exposure during a period 


Summary of Exposure Data 


Dates of 
Exposure 


Workers Affected 


Exposure 
Adversely, No. 


Concentration 
of Isocyanates, 


Sept. 15-Oct. 8 
Oct. 8-Oct. 15 


0 
12(100%) 
Oct. 18-Feb. 1 0 


of three months were involved. The Table 
summarizes the exposure data. 

The exposures occurred in a manufactur- 
ing plant engaged in the fabrication of auto- 
mobile crash pads. The crash pads 
consisted of synthetic leather (plastic) 
into which isocyanate foam was molded. 
The compounding of the mold was done in 
a_ well-ventilated down-draft water-wash 
spray booth. The air entered the open roof 
of the booth and was exhausted downward 
through a grating in the floor. Air-flow 
measurements indicated an average vertical 
velocity of more than 200 linear feet per 
minute. With the exception of some baffling 
effects of tables, conveyors, molds, and 
trays, the air flow was uniformly distributed 
throughout the booth. Smoke tests indicated 
that all portions were well ventilated. 

The isocyanate foam was crudely com- 
pounded in a hand operation as follows: 
A pail was filled with untreated isocyanate 
from the spigot of a 50 gal. drum. A 1 qt. 
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paper container (cup) was filled with iso- 
cyanate by pouring isocyanate from pail 
into cup. Another 1 qt. paper container 
was filled with isocyanate to the desired 
weight by placing the container on a scale 
and pouring in the proper quantity from the 
cup. A catalyst was carefully metered from 
a titrating burette into the paper container. 
The materials in the paper cup were imme- 
diately mixed by an electric mixer, con- 
structed from a four-bladed propeller, a 
shaft, and a vertical drill press. The ma- 
terial was thoroughly mixed and quickly 
poured into a mold, into which the molded 
synthetic leather had been placed. An upper 
section of the mold was placed over 
the foam—completely enclosing it within the 
mold. The finished mold containing the 
isocyanate was then conveyed to a radiant- 
type oven. The entire operation of mixing 
and pouring the foam was done within the 
ventilated booth. The radiant drying oven 
was also adequately ventilated. 

The operation took place as herein de- 
scribed during the period of Sept. 15 to 
Oct. 8, 1956, with no complaint or symp- 
toms of illness. Determinations of isocya- 
nates by the du Pont method ? indicated that 
the workers were exposed to concentrations 
up to 0.01 parts per million (p. p. m.). 

When an attempt was made to increase 
production, the paper-cup mixing operation 
proved to be the hold-up on the entire crash 
pad manufacturing process. To overcome 
this, more workers were detailed to dis- 
pense, weigh, compound, mix, and pour the 
isocyanate material. With the increased 
number of workers the booth became 
crowded and the need of more space was 
apparent. Management attempted to over- 
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come this by constructing an additional 
enclosure—opening into the booth. The 
weighing and mixing table was placed in 
this enclosure, together with a disposal box 
for used empty paper isocyanate mixing 
cups. Up to 24 filled weighed paper cups 
of isocyanate were prepared ahead of time 
awaiting the addition of catalyst. Consid- 
erable spillage took place on the table and 
floor. The new enclosure, unlike the spray 
booth, had an overhead roof and no ven- 
tilated floor grating. It was closed on three 
sides and was open only to the booth. Ven- 
tilation was poor and effected only through 
turbulence set up by the air flow in the 
adjoining booth. Concentrations of isocya- 
nate in this area ranged from 0.03 to 0.07 
p. p.m. by the du Pont method. Within a 
short period of time all workers employed 
in the compounding and molding operations 
were affected with mild to severe symptoms 
similar to a cold. Complaints of continuous 
coughing, sore throat, dyspnea, fatigue, and 
night sweats, with no fever, were received 
from the workers. The following case 
reports, directly from the plant first-aid 
department records, illustrate worker com- 
plaints : 

Case 1.—Worker reported to first-aid depart- 
ment on Oct. 11. Symptoms: possible cold, dyspnea, 
cough. Went home on a pass at 7:15 p. m. 

Case 2.—Worker reported to first-aid depart- 
ment on Oct. 10. “I was working in a spray booth 
mixing some kind of chemical. I guess I got too 
much of it.” Coughing at frequent intervals, per- 
spiring profusely, and appears exhausted. Tem- 
perature, 98 F; pulse rate, 100; respiration rate, 


28. Alleges he has been coughing ever since he 
started to work. 

Case 3.—Worker reported to first-aid depart- 
ment on Oct. 15, 1956. Sore throat, cold. Started 
last week. Alleges he requested transfer from 
job. “Feels like I have a cold and sore throat all 
the time. Too much draft in air the way it is now. 
Headache.” 
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Case 4.—Worker reported to first-aid depart- 
ment on Oct. 12, 1956. Mixing chemicals in spray 


booth for crash pads. “About 6:00 I started to 
cough and I am all choked up.” Coughs fre- 
quently, dyspnea. 

Case 5.—Worker reported to first-aid depart- 
ment in October. “I might have a cold. I was 
put in booth this morning and since, have been 
coughing and spitting up phlegm.” Complains of 
dampness. 

On Oct. 17 the condition was brought to 
the attention of the Detroit Bureau of In- 
dustrial Hygiene. The Bureau immediately 
ordered the company to discontinue opera- 
tions in the partially ventilated room and 
to remove it as soon as possible. The op- 
eration was resumed on Oct. 18 as it had 
been done originally, and the additional 
enclosure was taken down. Production was 
increased by better handling techniques. 
During this period, which continues up to 
the present date, no complaints or symp- 
toms of isocyanate exposure have occurred, 
with the exception of a possible case of 
occupational dermatitis. With the exception 
of 1 employee, all of the 12 original em- 
ployees are still retained on this operation. 
None of the workers reporting previous 
symptoms or complaints have shown any 
permanent effects. Determinations for iso- 
cyanate have been made from time to time 
by the du Pont method! and have been 
found to be in the range of 0.01 to 0.03 
p. p. m. 

Bureau of Industrial Hygiene, Detroit Depart- 
ment of Health. 
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Responsibilities and Limitations of the Industrial 
Nurse in the Vision Program 


MARGARET S. HARGREAVES, R.N., New York 


Although an industrial eye program is con- 
sidered as just one of the components of a 
preventive industrial medical service, it is 
actually one of the most important, chiefly 
because 80% of all human emotions are con- 
trolled by the eyes, and our emotions in turn 
influence our state of health. 

| should like to discuss my assigned topic 
from the standpoint of the nurse who works 
in industry without full-time medical direc- 
tion. When a nurse has full-time medical 
direction, many of her responsibilities are 
lessened and her limitations are more clearly 
defined. There are a great many nurses 
working in industry today, however, who 
have only part-time or consultant physicians 
to guide the medical service, and it is these 
nurses, their managers, and their physicians 
to whom I should like to direct my remarks. 

This industrial nurse has responsibilities 
in five major areas in setting up and main- 
taining a vision program. First, she must 
plan to sell the vision program to manage- 
ment, the employee, and supervision. 

Second, she must assist in establishing 
sound company eye medical policies and 
procedures. 

Third, she must assist in providing ade- 
quate care with the use of ethical medical 
direction and modern techniques. 

Fourth, she must help to prevent eye in- 
juries and disease through proper testing, 
referral, and eye protection for the em- 
ployees. 

Fifth, she must assist in educating the 
employee in good eye health habits. 

Received for publication June 11, 1957. 


Editor, American Association of Industrial 
Nurses Journal. 


Presented at the 17th Annual Congress on In- 
dustrial Health, Los Angeles, Feb. 5, 1957. 


234 


Many opportunities for introducing a 
good vision program in industry have been 
lost because the program with its subse- 
quent benefits has not been planned, 
explained, and presented properly to man- 
agement. If the industrial nurse takes the 
trouble to secure informed intelligent ad- 
vice; if she does a survey of her industry 
to point up the eye hazards and the need for 
special visual skills; if she shows where 
spoilage can be reduced through improved 
employee vision, and if she personalizes her 
examples, for instance, showing where labor 
relations were improved by better eyesight 
or through analysis of her monthly medical 
reports refers to specific accident cases that 
could have been avoided through the use of 
protective eye equipment she is bound to 
gain the interest and support of manage- 
ment. 

| can remember one instance where a 
nurse was able to convince management that 
it was losing thousands of dollars in cus- 
tomer claims because enforcement of an ar- 
bitrary company policy would not allow its 
waitresses to wear glasses. They were proud 
of the eye appeal their girls had without 
glasses but ignorant of the fact that because 
of uncorrected vision hot soup was often 
placed in the lap of the customer instead 
of on the table. An eye program introduced 
by this restaurant chain resulted in preven- 
tion of many other accidents when some 
cooks and kitchen workers found to have 
impaired eyesight were referred for correc- 
tion of these defects. 

Another nurse was able to avoid a situa- 
tion which threatened to become serious 
when an argument ensued as to who was 
going to have a window location after a 
whole department was moved from one floor 
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to another. These employees were all piece 
workers, and their livelihood depended on 
the amount and quality of work they were 
able to produce in a given time. A quiet 
investigation by the nurse showed that the 
two who were complaining most bitterly 
were actually in need of visual care. When 
these two workers were fitted with proper 
glasses they were able and willing to per- 
form their work in any part of the room. 

A recent study of 1107 ocular cases re- 
sulting from industrial injuries showed that 
of the 11 cases of glass foreign bodies in the 
eye 9 were caused by flying objects hitting 
regular spectacle glass which broke under the 
impact and scattered bits of glass. One nurse 
showed this study to persons in authority in 
her company and as a result was able to 
convince her management that prescription 
lens safety spectacles were a good invest- 
ment in that particular plant, where flying 
objects were a distinct hazard. 

Still another case can be described where 
faulty vision nearly caused a long-time and 
faithful employee to lose his job. This par- 
ticular man was a truck driver for a beer 
concern. After 15 years of not having had a 
single accident he had three in a row, all 
of them costly and all of them serious. He 
confided in the company nurse and told her 
of his concern and despair over the possi- 
bility of being demoted to a lower-paying 
warehouse job. She persuaded him to have 
a complete physical check-up, which was 
available to all company employees on a 
voluntary basis, and he was found to have 
some serious but correctable vision defects. 

This man has since completed three years 
without further accidents, and his health, 
happiness, and economic security are all 
improved. 

The industrial nurse must be able to ex- 
plain to management the difference between 
testing eyes and examining eyes. She should 
be able to explain the differences between 
the services of an eye specialist, an optome- 
trist, and an optician. She should, upon re- 
quest, if she does not have a plant physician, 
be able to direct management to the county 
medical society or the local accredited hos- 
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pital so that consultation services and emer- 
gency eye care arrangements can be made 
with competent ophthalmologists for service 
to the industry. 


One eye specialist informed me _ the 
other day of a $60,000 civil suit which is 
pending as a result of a claim by a railroad 
employee who had a penetrating injury of 
the eye. He was allowed to lie in the com- 
pany medical department without proper 
care for three hours because adequate emer- 
gency arrangements had not been set up 
to handle such a case. He alleges that the 
delay in treatment caused him to lose the 
sight of his eye. 

In making an eye health appraisal to sub- 
mit to management, the National Society for 
the Prevention of Blindness, the loss-pre- 
vention department of the company’s insur- 
ance carrier, the local or state health 
department, the Council on Industrial Health 
of the American Medical Association, and 
some private industrial health consultant 
firms may be called upon to assist. Lighting, 
color contrast, work methods, and work 
stations should be thoroughly studied, as 
well as the more obvious hazards created 
by poor housekeeping, dangerous tools and 
processes, and other elements which will 
burn, injure, infect, or affect the eye. Ag- 
ing processes, visual requirements, and pres- 
ent seeing capacity should all be evaluated. 

Once a vision program is accepted by 
management, the next logical step is to draw 
up company medical eye policy and the 
procedure by which this policy can be car- 
ried out. In establishing a guide for pro- 
cedures in an industrial eye health program, 
statements of policy should be carefully 
worded regarding the fact that threats to 
the employee’s job security are not included 
in the program. All procedures should be 
approved by the consulting ophthalmologist. 
It is not enough to state, for instance, that 
all persons with penetrating injuries of the 
eye must be kept lying down and must be 
placed under the care of an eye specialist 
at once. The method of doing this must be 


described. 
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For instance, as an example of procedure 
the following could be used: If a patient is 
to be taken to a physician, he must have a 
sterile eye bandage and must go by way of a 
stretcher and/or ambulance if necessary. 


It is not enough to say visual testing will 
be done as part of the preplacement exami- 
nation. The method of testing and what 
persons shall be permitted to test and what 
shall be done with the results must all be 
spelled out. It is not enough to say Dr. Jones 
shall be consulted about emergency eye care 
and examinations and treatment; it is neces- 
sary for management to employ the services 
of Dr. Jones to say what drugs shall be 
stocked, how special eye cases shall be 
treated, what follow-up care may be given, 
and so forth. In other words, Dr, Jones will 
be employed as an eye consultant to treat 
eye emergencies, to give medical direction for 
eye care, and to indicate preferred methods 
of treatment before sending eye cases out 
for further care. 

In the third area of responsibility is where 
most of the limitations exist for the indus- 
trial nurse. In preparing material for this 
paper I interviewed several leading indus- 
trial ophthalmologists so that I could bring 
you firsthand information on some of the 
limitations they would like observed. They 
were unanimous in voicing the opinion that 
there sometimes were serious delays in the 
time when they saw the patient as compared 
with the time that the injury occurred and 
was reported. They were not referring to 
the patient who delayed in reporting his 
injury but rather to the person or persons 
who do not send a serious eye case to an 
eye specialist as soon as possible after the 
patient reports to the medical department. 
They urge that specialists’ attention be given 
at once to serious. cases in order to lessen 
the number and severity of the complica- 
tions. 

They were in agreement that it would be 
impossible, impractical, and unnecessary for 
them to see all industrial eye cases, but they 
were emphatic in requesting that serious eye 
cases be placed under the care of an eye 
specialist as quickly as possible. 
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The second unanimous opinion was that 
the nurses should not be allowed to use 
ointments in emergency eye care, An oint- 
ment-filled eye often causes a delayed diag- 
nosis and treatment. 

Next on the list of limitations was the 
universal and often-quoted opinion that an 
eye containing an imbedded foreign body 
in the cornea should have a sterile eye patch 
covering applied and that the patient should 
be sent to an eye specialist. 


Most of the physicians cautioned me about 
the penetrating wound, which has already 
been referred to. They urged no suture 
treatment for a lacerated lid. When they 
were told suturing did not come within 
the scope of a nurse’s duty they said, “Well 
some of them use butterflies.” 

Again, they urged the use of a sterile 
eye patch and sending the patient to a 
specialist. 

All physicians agreed that too much em- 
phasis could not be placed on the water 
irrigation treatment of chemical eye burns. 

Some of the less serious but justifiable 
complaints were in reference to alleged 
rough handling while examining the eyes, 
the use of unsterile technique, the failure 
to take an adequate history and to caution 
the attending physician about allergies that 
were known, and giving the patient a prog- 
nosis or diagnosis. One physician deplored 
the use of dirty eye charts in testing, poor 
illumination in the testing area, and allow- 
ing the person to press his eyeball with his 
hand while covering it during an eye exami- 
nation instead of being instructed to cup 
the hand or better still being given a card- 
board to use as a shield. 

Another physician deplored the lack of 
the introduction of available modern tech- 
niques, such as plastic irrigating bottles and 
plastic disposable individual eyedroppers 
and irrigating methods. The fact that many 
industries use the outmoded eyecups and 
mild silver protein solutions is also looked 
upon with disfavor. 

Some of the physicians remarked on the 
failure of medical personnel to sell manage- 
ment properly on the values of eye testing, 


Vol. 16, Sept., 1957 


: 
= 
\ 
4 
4 
a 
q 
a 
4 


eye examinations, and eye protection. They 
reminded me of the many occasions when 
an adequate eye examination had been the 
means of alerting the physician to other 
health impairments, such as diabetes, high 
blood pressure, and brain tumor. The di- 
rect relationship of eyesight to general health 
is not appreciated enough. All physicians 
questioned were in agreement that the nurse 
should be provided with a means of testing 
visual acuity and that it be routine proce- 
duce that both eyes be tested at the time of 
the first visit to report an eye injury. 

There are many methods by which an in- 
dustrial nurse can educate employer and 
employee regarding good eye health. It has 
been said that 90% of all eye injuries are 
preventable. If this is so it should be easy 
to persuade people to do themselves a favor 
by protecting their eyes from injury and 
maintaining good eye health. One nurse I 
know works in a plant where eye hazards 
are numerous. She has made a campaign of 
assisting the employee in getting properly 
fitting prescription lens glasses wherever 
needed. Her plant management has installed 
a flashing red sign to operate on dry grind- 
ers when in motion, She sets a good ex- 
ample by wearing necessary equipment in 
stated areas when she is making her rounds. 
Every morning she checks to see that an 
extra pair of goggles is placed on each 
machine so that there is no excuse like “I 
forgot my goggles today.” She has well- 
marked eye-flushing machines in the areas 
where chemical splashing in the eye could 
occur, and once a year she conducts a safety 
meeting devoted exclusively to the care and 
and protection of the eyes. 

Perhaps you might say that this nurse 
is overemphasizing a single phase of an 
over-all preventive medical program, but 
she found out through a review of several 
years of workmen’s compensation claims 
that eye cases occurred most frequently and 
were the costliest. 
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Another nurse worked in a printing estab- 
lishment. Not only were there the typical 
hazards of close work and more close work, 
but there was the additional element of an 
aging plant population with aging processes 
affecting the eyes. She sold her management, 
her employees, and her supervisory men on 
the benefits of an eye program. Production 
has increased, absenteeism has decreased, 
and the economic state of the employees and 
the community has shown a gradual steady 
improvement. 

The employee will be more apt to give 
his whole-hearted cooperation if it is clearly 
demonstrated that the initiation and appli- 
cation of a preventive eye health program 
will result directly or indirectly to his bene- 
fit. 

Supervision should understand and fully 
cooperate with the aims, objectives, and 
procedures of the program so that they will 
be in a position to answer all questions from 
the employees regarding the purpose, the 
scheduling of vision tests, the referral sys- 
tem, and the use of eye-protection methods. 

In the eye health education area, the nurse 
must include all the key groups in the in- 
dustrial family as well as the individual per- 
son. The personnel department is thus 
assisted in properly placing the employee; 
the safety department will be interested in 
the reduction of accidents of all types, not 
just those to the eye, and the production 
department will learn that the working ef- 
ficiency of the employee is directly related to 
his seeing ability and his work station. See- 
ing is a universal and powerful factor in 
the everyday performance, efficiency, com- 
fort, behavior, safety, health, and happiness 
of every person. We industrial nurses are 
in a good position to help management build 
and maintain good eye health. 


American Association of Industrial Nurses, Inc., 
654 Madison Ave. (21). 
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Achievements Through the Wise Owl Club 


JAMES E. O’NEIL, New York 


As a starting point I should like to take 
a moment to commend the medical profes- 
sion generally and the industrial physicians 
in particular for the important part they 
have played in lessening the impact of in- 
dustrial accidents through knowledge and 
research. No one could logically deny the 
progress that has been made or overlook 
the continuing interest and assistance of 
safety-minded groups and persons. How- 
ever, this otherwise encouraging picture has 
a sobering side that needs examination and, 
more important, prompt remedial action. 

The area of weakness I refer to is repre- 
sented by an average of about 5000 eye 
injuries for every five days of industrial 
operation. Setting aside every humane con- 
sideration, it would have to be said that 
allowing this toll to continue is incredibly 
poor business practice, to say the least. 
This is especially true when we take into 
consideration the fact that every recognized 
authority agrees that at least 90% of all 
industrial eye injuries are needless and 
preventable. 

Before pointing out what the National 
Society knows to be the proper elements 
of a successful eye protection program it 
would seem best to present some back- 
ground information to illustrate where in- 
dustry has too often taken a wrong turn— 
and too often continues in the wrong direc- 
tion—even at this late stage of the game. 

As a general view, industrial management 
as a whole still does not realize it has a 
tiger by the tail. If it did, the endless and 


costly problems that always accompany in- 
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dustrial eye injuries and loss of sight would 
have been eliminated long ago as a needless 
source of concern and expense. 

Another equally unpleasant aspect of this 
picture is what damaged eyes represent in 
suffering and economic distress not only for 
the injured worker but for his family as 
well. Quite naturally the community as a 
whole is affected when an employee suffers 
an economic setback as a result of damaged 
vision. Therefore the problem before us 
involves far more significant consequences 
than do many other types of industrial in- 
juries, 

If the problem of eliminating needless 
damage to vision were complex there would 
be a number of reasonable excuses to ex- 
plain the known lack of progress in this 
particularly important phase of the indus- 
trial safety movement. However, the facts 
of the matter are simply this: The task of 
wiping the safety slate clean of eye injuries 
is about as easy as rolling off the proverbial 
log, and the excuses still being offered as 
a substitute for measurable results simply 
will not stand close examination. 

The way to eliminate needless eye in- 
juries and loss of sight is to eliminate what 
is known as job-selection protection, i. e., 
safety eyewear being provided for only a 
selected few employees, on the basis of 
known or assumed eye hazards of a specific 
machine or occupation. 

If flying objects or molten or corrosive 
liquids would respect this sort of judgment 
and strike only employees wearing eye pro- 
tection the problem we face would disap- 
pear overnight. Another way to state this 
fact is to say that industrial employees who 
wear eye protection throughout their entire 
work day are not becoming a part of our 
nation’s industrial eye injury statistics. 
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WISE OWL CLUB 

The counteracting force needed to elimi- 
nate needless damage to vision in industry 
is made up of four elements which, when 
put into practice, are certain to result in 
a completely successful eye-protection pro- 
gram. 

1. Medical, management, and safety per- 
sonnel, and in many cases key supervisors, 
should meet and through open discussion 
decide upon a sight-saving program that 
will be adequate for their own particular 
situation. If the plant is unionized it is 
vitally important that labor representatives 
be invited to participate in the planning of 
the program. 

2. The sight-saving effort should be based 
on the premise that safety eyewear will be 
provided for all employees on an area, 
department, building, or plant-wide basis. 

3. Mandatory rules to govern the wear- 
ing of eye protective equipment must be 
established. These regulations will take care 
of the “rugged individualist” and also gen- 
erate a feeling of fair play among the other 
employees. Of course the rules should ap- 
ply to anyone who enters the designated 
“100%” areas, whether he be an employee 
or a visitor. Here again, in plants employ- 
ing union labor, having the understanding 
and cooperation of the bargaining unit will 
prove of vital importance. 

4. The need for primary and continuing 
educational effort to be beamed at the em- 
ployees should be recognized and taken into 
account when the program is being planned. 
This aspect of the sight-saving effort should 
the use of incentives, and it 
would be weil to make use of the Wise 
Owl Club that is administered by the Na- 
tional Society for the Prevention of Blind- 
ness. Over 12,000 members of the Wise 
Owl Club have saved one or both eyes by 
wearing eye-protective equipment at the 
time of on-the-job accidents. 


encompass 


A logical question would be to inquire 
if proof is available that these eye-safety 
program elements actually prove success- 


ful. 


O'Neil 


[ am more than pleased to tell you that 
adequate proof is definitely available. Here 
are just a few examples: 

One large plant in Ohio averaged 500- 
600 eye injuries every month. A mandatory 
eye-protection program covering all shop 
employees and visitors not only eliminated 
all eye injuries but resulted in the saving 
of five eyes in the first few months the 
program was in effect. Management was 
further delighted when the industrial com- 
mission returned 73 cents of every company 
dollar that had been banked against ex- 
pected compensation payments for all types 
of injury. This saving meant a return of 
several hundred thousand dollars in the first 
nine months that the eye protection pro- 
gram was in force. Management attributes 
this saving mainly to the good effect the 
sight-saving effort had the 
safety program. 


over-all 


Another firm wrote to the National So- 
ciety recently to say that their 7000 
employees had worked over 41,000,000 
manhours without a single eye injury since 
a mandatory sight-saving program for all 
shop employees and visitors was instituted 
in 1954. 

The tone of this letter left no doubt as 
to whether management felt their invest- 
ment for eye-safety programming had paid 
real dividends. 

One New York State firm, of interna- 
tional repute, that invested over $400,000 
in 10 years of vision-conservation program- 
ming is quite willing to tell everyone who 
inquires that they have saved well over 
$1,000,000 in direct and indirect costs and 
also 82 eyes. Here too the wearing of eye 
protection is required of all shop personnel 
and all visitors to manufacturing areas. 

An example from the midwest would be a 
firm employing over 16,000 men and women. 
Every employee wears eye protection from 
the time he enters plant property until the 
time he leaves. The mandatory rules keep- 
ing this well-planned program in effect 
apply with equal vigor to visitors, outside 
contractors, the company’s best customer, 
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or even the man who fills the soda-dispens- 
ing machines. Over 125 employees of this 
firm have already been enrolled as members 
of the Wise Owl Club as a result of saving 
their vision with either Plano or corrective- 
protective safety eyewear. 

This particular plant deals with the CIO- 
UAW, and the union was so pleased with 
the mandatory sight-saving program that 
other firms in that area now have similar 
programs as a result of this same union’s 
bargaining demands. 

Since there is nothing unique about the 
geographic area in which this plant is situ- 
ated, it is reasonable to assume that labor 
and management and the medical profession 
could cooperate to produce comparable re- 
sults in all parts of the nation. 

Unfortunately, the dramatic examples of 
successful eye-protection programs I have 
cited represent the exception rather than 
the rule. Industry as a whole is still a 
long way from attaining comparable results, 
apparently because it remains misinformed 
or uninformed. 

In view of this it would seem well at this 
point to restate the elements needed to pro- 
duce a successful eye protection program: 

1. Sound planning by medical, manage- 
ment, and safety personnel. Labor should 
take part in every plant that is unionized; 
key supervisors are also important. Medi- 
cal assistance in the vision-testing and cor- 
rective-protective features of the program 
is also advocated. 

2. Safety eyewear should be provided on 
an area, department, building, or plant-wide 
basis. 


3. The wearing of safety eyewear must 
be mandatory; these rules must apply to 
visitors as well as employees. 


4. Educational tools and safety incen- 
tives such as the Wise Owl plan should be 
used. 

In my opinion the problem before us 
can be moved off dead center and acceler- 
ated toward solution if the delegates and 
their colleagues attending the Congress will 
all put their shoulders to the industrial 
vision-conservation wheel. Industrial man- 
agement will respect your judgment, and 
the other interested groups and _ persons 
will welcome your assistance. 


Anyone who advocates industrial sight- 
saving measures based on the four program 
elements can do so with absolute confidence. 
A substantial case in favor of complete, 
and mandatory, eye safety-programs is 
readily available. 


It has been proved that eye injuries can 
be eliminated, that eye losses can be elimi- 
nated, that sizable compensation awards 
can be avoided, and that industrial firms 
can save far more than they will ever invest 
in eye-protective equipment. 

I have not the slightest doubt that in- 
dustry would readily accept the highly 
regarded viewpoint of our nation’s medical 
profession—which so often has shown the 
way through enlightened leadership—and 
move more swiftly toward eliminating need- 
less eye injuries and loss of sight from the 
American work scene. 
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RICHARD WILKINS, Los Angeles 


| was asked to give a little “spiel” on our 
participation in an incentive program that 
we consider to be of great importance in our 
over-all safety program and specifically on 
its basic importance in the saving of vision 
in industry. 

The Wise Owl Club of America, to which 
Mr. O'Neil refers, is sponsored by the 
National Society for the Prevention of 
Blindness in an incentive plan to reduce 
eve injuries in the industrial field. 

To become eligible for membership in 
this club a worker must save the vision in 
one or both eyes through the use of personal 
protective equipment, At the present time 
there are 1626 chapters in operation, and this 
covers approximately 2,500,000 workers and 
a total of 11,475 members—smart people 
who now have vision in both eyes where 
possibly they would have suffered a loss of 
vision in one or maybe both. 

We feel that we have one of the largest 
chapters in the country. Statistics prove that 
our North American Aviation California 
plants probably rank third; but we want 
to be first in everything, so we will include 
our Columbus, Ohio, plant, and by including 
the members of the Wise Owl Club in this 
plant we raise the total in our company to 
307 Wise Owl Club members. This puts 
us in first place. 


During this period we have been affiliated 
with the Wise Owl Club, which goes back 
about six years; in 1951 we inducted nine- 
teen members into the Wise Owl Club; in 
1952, twenty-eight members ; in 1953, thirty- 
four members ; in 1954, forty-six members ; 
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in 1955, eighty-nine members, and in 1956, 
ninety-one members. 

To give you some idea of where we get 
these people, we have approximately 70,000 
people employed by the North American 
Aviation in its seven separate divisions. We 
do not have a mandatory eye-protection rule. 
[ do not intend to imply that Mr. O’Neil’s 
thoughts on this subject are not right or 
proper, but we must be practical, and we 
have not found it to be practical to have a 
100% mandatory eye-protection rule. We 
do have a fitting program; we do insist that 
every employee--every shop employee—be 
issued a pair of Plano safety glasses, and if 
he wears a prescription we insist that he be 
issued a piece of equipment that he can use 
that will protect his own glasses as well as 
himself. 

The illustrations show some typical ex- 
amples of the incidents among people who 
have become members of the Wise Owl 
Club, and I will explain as I go along how 
these incidents occurred. 

The particular pair of Plano safety 
glasses in Figure 1 is our standard vinyl 
type, and on the right at the lower corner 
you see a broken drill. Obviously in the air- 
craft industry, working with metals of vary- 
ing thicknesses, we do an extremely large 
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amount of drilling with high-speed air and 
electric drills. This particular drill broke, 
flew up, and struck the employee in the 
center of the left lens of his safety glasses, 
shattering the lens, but he suffered no in- 
jury. This is a Wise Owl Club member, 

Figure 2 is another example. This is what 
we call an extension drill in a quarter horse- 
power electric drill motor, and as you see by 
this example, this particular employee wear- 
ing a pair of metal-frame slide-shield safety 
glasses when the drill whipped, as we call 
it, flew back, and struck him in the lens. It 
took a small chip out of the lens, but again 
this employee suffered no loss of vision. 
This employee is another Wise Owl Club 
member. Figure 3 is another photograph of 
the same employee. 

Figure 4 is one of our female Wise Owl 
members ; again a broken drill was the cul- 
prit. She also, as you can see, has a chip 
taken out of the safety glass. She also still 
has vision in both eyes. 

Figure 5 shows another broken drill and 
another Wise Owl member. Figure 6 shows 
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Figure 3 


the same culprit, a broken drill, This man 
also, as you can see, had the left lens frac- 
tured, but, again, there was no injury to 
the eye. 

In Figure 7 you can see the smile on the 
face of this gentleman. He is holding in his 
hand a face shield with a metal screen at the 
bottom. He is a foundry worker and was 
pouring some molten metal when in some 
way moisture reached the metal and it splat- 
tered. In doing so, it splashed completely 
over him. He had protective clothing as well 
as the face shield, and it completely covered 
the face shield but, as you see by the look 
on his face, he suffered no injury. This 
gentleman is one of our five two-time mem- 
bers. He saved his vision in a similar acci- 
dent about three years after this particular 
photograph. It also gives you some idea of 
the way we publicize membership in the 


Wise Owl Club in our company papers. 
As you see, it 1s headed “Safety Minded 
Employees Honored at Safety Dinner.” 
We have safety committee dinner meetings 
every few months. At these dinner meetings 
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Figure 6 


we honor our Wise Owl Club members and 
present them with their certificate of mem- 
bership and their Wise Owl badges. We 
attach, we think, a litle bit of importance 
to membership in this club in that the super- 
intendent, who to these people | have shown 
you is the big boss, personaliy calls them 
into his office to tender them the invitation 
to attend the dinner meeting. We also pub- 
licize the fact that these people have become 
members of the Wise Owl Club of America. 


Figure 8 
Wilkins 


Figure 7 


Figure 8 shows a licensed optical fitting 
man in the state of California. In order to 
fit glasses he must be licensed. This partic- 
ular gentleman is fitting in our indoctrina- 
tion lecture. All of our new employees in 
the company, before they reach the shops, 
go through an indoctrination lecture to ex- 
plain some of our basic policies and some 
of the things they must know. Part of 
this particular orientation lecture, which 
lasts for 1% hours, is a 30-minute talk on 
industrial safety and accident prevention. 
Before they leave this session all employees 
going into shop departments are fitted by 
this gentleman at that orientation lecture. 

Figure 9 shows the equipment that is 
used in our shop fitting operation. The 
same fitter travels throughout our shops. 


He reaches each department approximately 


once every seven weeks. The purpose of 
that is to pick up (Fig. 10) particularly 
damaged pieces of equipment. The lenses 
obviously become scratched from use and 


misuse. This gentleman goes through the 


Figure 9 
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Figure 10 


shop, and if any employee feels his safety 
glasses are not fitting properly he ap- 
proaches him; if his lenses are scratched 
to the point that they are not serviceable, 
he will give him a new pair of safety 
glasses. If the temples are bent so that 
they are not comfortable, he will adjust 
them, and so forth. This is the goggle 
service cart and the fitter at work. 


Of course in safety work, as in any work, 
unless we are practical about this thing we 
are not going to get very far. We could 
not sell our company or any company on 
the need for a safety program, or, more 
specifically, an eye-protection program if 
we couldn’t go to them and say, “This is 
going to do us some good financially.” To 
give you some idea of what this has done 
for our particular company we have some 
estimates—they are estimates, it is true, but 
they are very conservative estimates—and 
assuming that each member of the Wise 
Owl Club would have cost our company 
$3500 in workmen’s compensation benefits, 
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we have saved over the six years that we 
have been participating in the Wise Owl 
Club $1,074,500. Obviously this buys 
many pairs of safety glasses and pays the 
salaries of a few safety engineers, too. 

This is a practical thing. We are not 
speaking of theory. This is a practical 
program that is working. We think it is a 
successful program. We don’t always think 
about money. There is something in safety 
work that goes beyond the dollar-and-cents 
value of the safety program. The following 
account is an example of what happened 
to one of our Wise Owl Club members 
and how he became a member. 

This gentleman was an aircraft mechanic 
wearing company-furnished nonprescription 
safety glasses. This accident occurred Sept. 
16, 1955. He was standing in his depart- 
ment, looking at an assembly on which he 
had been riveting. A quarter-inch nut flew 
through the air, striking the left lens of his 
safety glasses, shattering the lens. The 


source of the flying object is unknown. 
He did not sustain injury to his eye. He 


was subsequently inducted into the Wise 
Owl Club, and in May, 1956, we finally 
caught up with him. This gentleman had 
since been transferred out of the depart- 
ment in which he was working at the time 
of the accident and had been dispatched 
on a field-service trip. 

We received the following letter from 
Wittenberg, Germany, where he was serv- 
ing as a field-service representative. This is 
the type of thing that makes it worth while 
so far as safety people are concerned: 

“Please accept my sincere thanks for the 
kind and courteous treatment and nice Wise 
Owl plaque delivered to me following my 
near-accident in September, 1955. To your 
department, to my supervision the past fif- 
teen years, and fellow safety committeemen 
[this fellow happens to be one of our plant 
safety committeemen] may I voice real 
appreciation for our safety program, the 
safer equipment provided, and untiring ef- 
forts to make our plant a safer place to 
live and work in. 
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“Really, often while working, when we're 
out enjoying the beautiful things in life 
with two eyes, | am thankful, but more 
so when by closing one eye one can partially 
imagine the unpleasant things which could 
have developed if my safety glasses were 
not in place to protect me. 

“As a past committee member, | trust 
I may always live personally up to your 
teachings, and be of help to others by 
practicing what is safe. 


Wilkins 


“Respectfully and 
[Signed ].” 


This, as I say, is worth all of the efforts 


thankfully yours, 


that we have put forth—one letter like that. 
Again, we think our program is success- 
ful. We think it is of great value to our 


over-all safety program. 


We are happy 


that there is a positive incentive program, 


the Wise Owl Club of America. 
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The Prescription Safety Goggle Problem 


E. J. SCHOWALTER, M.D., Chicago 


The objective of a prescription safety 
goggle program is to facilitate the wearing 
of well-fitting optically precise safety gog- 
gles whose lenses and frames have been 
selected to meet the on-the-job needs of all 
industrial workers exposed to eye hazards. 

The accomplishment of this objective to 
the complete satisfaction of employees, 
management, and the optical profession 
constitutes the prescription safety goggle 
problem. The various aspects of this prob- 
lem will differ within an individual plant, 
between various plants, and in various parts 
of the country. 

The following are my own answers to 
some questions pertaining to a prescription 
safety goggle program in industry. 


Which Workers Are Exposed 
to Eye Hazards? 
Eye-accident data and job analyses by 
safety experts will furnish the necessary 
information to correctly answer this ques- 
tion for each work location. 


What Are the Frame Requirements for 
Prescription Safety Goggles? 

Prescription safety goggle frames should 
have the same advantages as do those for 
Plano safety goggles—that is, they should 
be strong enough to withstand trauma and 
should be especially selected to protect the 
worker against the specific hazards of his 
job. 

There is an additional requirement for 
prescription safety goggle frames. They 
must be sufficiently rigid to achieve and 
maintain correct positioning of the lenses. 
Therefore, frames for round lenses, those 
with flexible bridges, and those whose tem- 
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ples will not maintain adjustment are not 
satisfactory for prescription safety goggles. 

Management should select prescription 
goggle frames in accordance with the above 
principles and should avoid pressure for 
frames chosen because of cosmetic reasons. 
However, it is not necessary to go out of the 
way to make safety frames cosmetically 
unattractive. After all of the requirements 
stated above have been met, selection of the 
most cosmetically acceptable frames will 
help promote the wearing of prescription 
safety goggles. 


What Are the Lens Requirements for 
Prescription Safety Goggles? 


Prescription safety goggle lenses must 
meet the same standards for safety as do 
Plano safety lenses. 

The American Standards Association has 
issued specifications which must be met by 
all lenses in order for them to be “safety” 
Those which meet these 
specifications must be marked with the 
manufacturer’s that each 
safety-processed lens can be identified. 

It is good practice to test safety lenses 
on a “spot check” basis to insure that they 
meet the American Standards Association 
standards for safety. 


lenses. lenses 


trademark, so 


Which Workers Need Prescription 

Goggles Instead of Plano Goggles? 

A. Those workers needing safety goggles 
whose unaided vision does not meet a pre- 
determined standard. My own standard is 
as follows: 

Snellen Equivalents 

Far: both 20/25 


Jaeger (12-14 in.) 
Near: both 0.50 
right 20/30 right 0.75 
left 20/30 left 0.75 
B. Those workers needing safety goggles 
who have eyestrain complaints with Planos. 
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If an employee complains of eyestrain 
when wearing Planos, it is worth while to 
check the Plano lenses to be sure they meet 
the American Standards Association stand- 
ards for Plano lenses. 

C. Those needing safety goggles whose 
jobs entail special visual demands which 
are not met without the help of prescription 
lenses. 

The following information must be sup- 
plied to the refractionist : 

1. The actual distance (measured) from 
the eyes to the visual surface of the job. 

2. If more than one seeing distance is 
required; each should be measured and re- 
corded. 

3. Any job requiring out-of-the-ordinary 
visual positions should be carefully de- 
scribed, and, if it is thought necessary, the 
refractionist should be requested to observe 
the job personally. 

In addition to prescribing single-vision 
lenses and regular bifocals it is sometimes 
advisable to prescribe inverted bifocals, 
trifocals with one segment above and one 
below, or other combinations. 


Which Workers Need Refraction? 


Refraction should be done for those 
workers who require prescription safety 
goggles and who do not have a satisfactory 
prescription in their personal glasses which 
provides for all visual requirements of the 
job. 


Who Should Do the Refracting? 


The overlapping interests of optometrist, 
ophthalmologists, and opticians can create 
serious management public relations prob- 
lems unless company policy in this area is 
carefully conceived and administered. From 
our viewpoint, refraction for prescription 
safety goggles should be done by either of 
the following people: 

A. An ophthalmologist interested in re- 
fractions. (Most, but not all of them, are.) 

B. An optometrist who (1) in addition 
to being well trained in refraction tech- 
niques has had adequate training in recog- 


Schowalter 


nizing the presence of eye disease (This 
is not to be confused with ability to make 
diagnoses.) and (2) must work in collabo- 
ration with an ophthalmologist or a medical 
director, referring all cases of eye pathology 
to him. 


Should the Company Employ the 
Refractionist ? 


There are a number of possible correct 
answers to this question, and local circum- 
stances will dictate which is best in each 
situation. 

A. The employee can be sent to his own 
refractionist. 

1. This must be done if the employee 
pays for his own refraction. 

2. This practice results in the best pos- 
sible public relations between management 
and the optical professions. 

B. The employee can be refracted by a 
company-employed refractionist. 

1. It is my opinion that this facilitates 
the best possible control over the prescrip- 
tion safety goggle program and is the most 
convenient type of program to administer. 

2. The “vision for the job” concept is 
easier to obtain. 

3. Based upon my observations and in- 
quiries, this procedure results in fewer un- 
satisfactory prescriptions and hence fewer 
lens replacements. 

C. The employee can be referred to a 
panel of refractionists. This practice repre- 
sents a compromise between “A” and “B” 
above, 


How Can Optically Precise Prescription 
Safety Lenses Be Obtained? 


Safety lenses should be fabricated from 
ophthalmic quality glass or plastic which 
has the same optically desirable qualities as 
top-grade prescription ophthalmic lenses. 
In addition, of course, safety lenses will be 
thicker and will have been heat treated. 

An optical supply house or houses should 
be selected that can be expected to con- 
sistently turn out a quality product which 
matches the refractionist’s prescription. 
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This is an area where false economy 
should not be attempted. There are many 
technical problems in fabricating top quality 
prescription safety lenses, and only the best 
lenses obtainable will prove satisfactory. 

A necessary step in insuring that op- 
tically precise lenses are dispensed is the 
routine inspection of the lenses by the 
dispenser or refractionist in order to insure 
that the lens matches the prescription. 


How Can Well-Fitting Prescription 
Safety Goggles Be Obtained? 


In order to assure well-fitting prescrip- 
tion safety goggles there must be a correla- 
tion between frame and face measurements. 
Either the refractionist or the dispensing 
optician must incorporate into the order the 
P. D., lens size, bridge size, and temple 
length. 

When dispensing the goggles he must 
give strict attention to the alignment of 
optical centers, distance of lenses from eye, 
and fit and comfort of bridge, nose pads, 
and temples. 

The final step in the provision of goggles 
is to return the employee to the refractionist 
for a final check-up by him to assure that 
all necessary requirements have been met. 
This is desirable for public relations as 
well as for technical reasons. 


How Can We Insure the Wearing of 
Prescription Safety Goggles? 


An employee could be furnished the best 
possible goggle from the standpoint of 
prescription and safety and it would be 
useless unless he wore it at all times when 
exposed to eye hazards. The very provision 
of a quality product does much to insure 
the wearing. 

In my experience, the more acceptable 
goggles are cosmetically (after all safety 
and refraction requirements have been met), 
the higher the acceptance rate or “wearing” 
rate. Goggle wearing must be enforced. 
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Who Should Pay for the Refraction 
and for the Goggles? 


There are three possibilities: manage- 
ment, the employee, or the cost can be di- 
vided between them. 

A. There are advantages if management 
assumes the entire cost. 

1. There can be no resistance toward the 
program by the employee because of per- 
sonal expense, either at the time the original 
goggles are supplied or when replacement 
becomes necessary because of job transfer 
or a change in prescription needs. 

2. Management can choose the method 
or plan for refraction, i. e., own refrac- 
tionist, outside refractionist, or panel. 

3. This practice offers the best assurance 
that the quality of the goggles and the “eyes 
for the job” concept can be maintained. 

4. Management can insist that goggles 
remain at the work location if this seems 
desirable. 

B. There are advantages of the employee 
assuming the entire cost of refraction and 
goggles. 

1. This brings about the best possible 
public relations between management and 
the optical profession because employee will 
choose own refractionist and own source 
of supply of goggles. 

2. Some companies who have done this 
claim employees take better care of own 
personal property. 

C. If the cost is divided between manage- 
ment and the employee there will be a 
compromise between the advantages listed 
in “A” and “B” above. 


Should Employee Be Allowed to Use His 
Goggles Away from His Work Location? 


If they are paid for by employee, he 
should be allowed to use them wherever he 
wishes. If they are paid for by manage- 
ment, management can control their use. 

A. Advantages of keeping the goggles in 
the plant. 


1. Many prescriptions are only satisfac- 
tory for the job and are not proper prescrip- 
tions for use away from the job. 
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2. Prescription goggles will always be at 
work, not left in the other suit or on the 
dresser or lost. 

3. There can be no adverse public rela- 
tions reactions from optical professions 
who might believe they have lost some busi- 
ness because company has provided worker 
with goggles which he can use as personal 
glasses. 

B. Advantages of allowing employees to 
wear goggles away from the plant. 

Many eyes have been saved by our em- 
ployees because they wore their safety 
prescription goggles away from the plant. 

If this practice is to be allowed, the em- 
ployee must be given a note with his goggles 
which. states that his prescription is proper 
for vision at work only and is not neces- 
sarily correct for use away from his job. 
He should be instructed to consult his own 
refractionist before using his goggles away 
from the job. 

What Is Done with Goggles When 
Employee Is Separated from the 
Company? 

We can see no advantage to management 
in keeping the goggles other than the slight 
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value of reclaimed frames. Lenses cannot 


be used by others. 
We allow employees to keep prescription 
safety goggles when they leave and hope we 


may occasionally save an eye. 


Is a Prescription Safety Goggle Program 
Worth While? 


Emphatically yes! Our plant began a 
prescription safety goggles program in 1925. 
There were approximately the same number 
of exposure hours then as now. Our plant 
had 522 disabling eye injuries in 1924. We 
have had no disabling eye injury since No- 
vember, 1954. The last eye was lost due to 
an accident in our plant in March, 1952. 

Certainly many eye accidents have been 
prevented as a result of improved job safety 
engineering. But just as certainly many 
have also been prevented by our prescrip- 
tion safety goggle program. 

Medical Inc., 
Hawthorne Works, S. Cicero & Cermak (50). 


Director, Western Electric Co., 


Emergency Treatment of Chemical Injuries of the Eye 


RALPH W. RYAN, M.D., M.S. Ophth., Morgantown, W. Va. 


| shall limit this discussion to injuries 
primarily of the external surface of the 
eye and lids caused by direct contact of 
chemicals to the eye. This will omit chemi- 
cals which, like atropine, act primarily in- 
side the eye after absorption. 


Chemicals Injurious to Eyes 


It seems practical to classify chemicals 
causing external injury to the eye into 
groups by their mode of action on the 
tissue. A rough classification of this sort 
might be as follows: (a) alkalis, (6) acids, 
(c) organic solvents, (d) detergents, and 
(e) irritants and allergens. 

These in turn may exist in solid, liquid, 
or gaseous form or as finely divided par- 
ticles, such as dusts, fumes, or mists in the 
air. Gases, solids, or mists coming in con- 
tact with the eye may quickly form a liquid 
solution on the moist eye surface. 


Unfortunately there is much overlapping 
of the groups. For instance, dimethyl sul- 
fate may injure the cornea by its organic 
solvent action but much more so by re- 
lease of sulfuric acid when hydrolyzed on 
the eye surface. Detergents and soaps may 
have acid or alkaline reactions in the eye 
as well as affect the surface of the eye by 
changes in surface tension. 

A manual titled “Toxic Eye Hazards,” 
available from the National Society for the 
Prevention of Blindness, Inc., lists many 
chemicals injurious to the eyes. 


Nature of Injury 


Chemical damage to lids and conjunctiva 
of the eyes may affect the worker in two 
ways: (1) temporary partial or total disa- 
~ Received for publication June 11, 1957. 
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bility because inflammation closes the lids; 
(2) permanent scarring and distortion of 
the lids by contracture or adherence of one 
raw surface to another. 

The lid changes may expose the cornea 
to drying and cause damage to vision. How- 
ever, lids can often be restored, in part, 
surgically. 

Damage to the cornea is the most serious. 
When the transparent window of the eye 
becomes translucent or opaque by scar tis- 
sue formation, vision may be seriously re- 
duced or destroyed. Corneal damage may 
be of varying degrees of severity: (1) 
temporary clouding of cornea; (2) perma- 
nent translucency or opacification of the 
cornea; (3) vascularization of the cornea; 
(4) perforation of cornea, with loss of 
ocular contents. Corneas often are restored 
by corneal transplant, but this involves in- 
tricate surgery. 


Action of Chemical on Tissues 
Injury to the eye from chemicals varies 
widely in nature and severity with the type 
of agent as well as its concentration and the 
length of the exposure. 


Fig. 1—Corneal scarring may be severe from 
an alkali or acid burn treated too late. 
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Acids tend immediately to coagulate the 
protein of the skin covering the eye. This 
denatured protein serves as a barrier to 
slow the acid in its further penetration. 
Since the acid is not significantly fixed to 
the tissue, it may be washed out completely 
enough to prevent further damage. The 
damage from acid burns cap therefore be 
determined soon after the injury; it is not 
progressive. 

Alkalis cause swelling of the skin sur- 
face of conjunctiva and cornea, which then 
becomes soft and jelly-like. The alkali 
penetrates rapidly and tends to combine 
with the tissue, so that even long-continued 
irrigation of the eye does not remove all 
of it. Some of the alkalis have been de- 
tected in the aqueous fluid of the rabbit eye 
within a few minutes after being placed on 
the cornea. Alkali burns tend to become 
progressively worse if the alkali was very 
strong, remained in contact with the eye 
for more than a few minutes, or was not 
irrigated for at least 30 minutes with saline 
or water. 

Organic solvents tend to penetrate the 
skin covering of the eye because it con- 
tains about 100 times as much fatty ma- 
terial as the deeper tissue. Penetration and 
damage to the deeper tissue of the eye 
and lids occurs more slowly. Eye injuries 
from this group of chemicals are seldom 
severe unless the chemical also has other 
deleterious effects. Corneal and conjunctival 
epithelium ordinarily regenerate rapidly un- 
less infection complicates the picture. 

Detergents and soaps have come into 
widespread use and are present widely in 
industry. There is frequent eye exposure 
to such substances, owing to the tendency 
to consider them harmless. Not only may 
they penetrate the skin covering of the 
eye as a result of their detergent action, 
but some have considerable alkaline or acid 
reaction in solution. Injuries seldom lead 
to serious damage but may cause incapacita- 
tion owing to inflammatory reaction. 

Irritants and allergens act in various ways 
to cause inflammatory changes in the skin 
and underlying tissues of the eyes and lids. 
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Though they seldom lead to serious per- 
manent damage, they may cause consider- 
able lost time in industry. 


Treatment at the Working Place 


First treatment of the employee suspected 
of having a harmful chemical in the eye 
must be at or near his place of work. The 
loss of an extra minute before the chemical 
is being washed out with water or isotonic 
saline may mean loss of useful vision in 
the eye. Water is the most universally 
available irrigating material. Therefore em- 
ployees exposed to harmful chemicals 
should be given training in recognizing the 
quickest means of washing an injured eye. 
Whatever the source of wash fluid, em- 
ployees must know in advance the difficulty 
of opening an eye burned by chemicals. 
Rather than merely flushing water on the 
eyelids, often a piece of paper towel or 
pocket handkerchief will enable the fingers 
to pull the lids apart so that the water 
reaches its objective. If available, a few 
drops of such topical anesthetics as 0.5% 
tetracaine (Pontocaine) relieves lid spasm 
and greatly improves the effectiveness and 
ease of irrigation. 

Almost any source of water may be used 
in an emergency. The commercial eye- 
irrigating units, shallow basins, safety 
showers, and jet drinking fountains are 
some of the best. Irrigating hose connec- 
tions may be improvised along small cold 
water lines near working places if pro- 


Fig. 2—Two-jet commercial fountain for flush- 
ing eyes. 
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Fig. 3.—Single-jet safety eye bath. 


vision is made for controlling pressure of 
water stream. 

In locations where hazards are great a 
bottle of sterile isotonic saline or water 
with siphon rubber hose connection may be 
arranged over a bench or low table where 
the injured worker may be laid on his 


Fig. 4.—Safety showers are useful for chemical 
burns of the eyes. 


back for eye irrigations. Pouring water 
in with a clean glass is probably better 
than use of an eye cup. The principal 
objective is to keep a harmless fluid passing 
over all the exposed eye surfaces to remove 
the chemical as rapidly and completely as 
possible. Effective irrigation should be 
carried out for at least 10 minutes without 
stopping to move the employee to another 
location. While the eye is being cleansed, 
all available information should be obtained 
as to the exact nature of the chemical in- 
volved and all other pertinent details of the 
injury. 


Fig. 5.—Drinking fountains may save eyes from 
chemicals. 


Treatment in First Aid Facility 


The person administering first aid should 
instill 2 or 3 drops of a topical anesthetic 
such as 0.5% tetracaine in the injured eye. 
Irrigation can then be continued for 10 
minutes under more favorable circumstances, 
while a history of the accident is pieced 
together. The eye should be carefully ex- 
amined under magnification and any solid 
particles of chemical carefully removed. 
Fluorescein should then be applied by one of 
the satisfactory techniques. If green stain- 
ing is present or if the chemical is suspected 
of being an alkali another 10 minutes of 
irrigation should be carried out. 

Disposition of the patient from this point 
will depend on whether the history and ap- 
pearance of the injury warrant immediate 
referral to a physician. Any case showing 
fluorescein staining should be seen. The 
first-aid nurse may instill topical anesthetic 
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Fig. 6.—An elevated bottle of sterile saline or 


water with siphon tubing is the basis for an inex- 
pensive irrigating unit for first aid. 


drops and place a tight eye pad over the 
closed eye. If the employee is not sent to a 
physician, it should be explained to him 
that pain-relieving drops were used, and he 
should be required to return within 24 hours 
for recheck and removal of the paid. 

If standing orders call for further treat- 
ment in the first-aid room, a combination of 
a pain-relieving ophthalmic ointment, such 
as phenacaine or tetracaine and a bacterio- 
cidal or bacteriostatic ointment containing a 
sulfonamide or suitable antibiotic drugs may 
be applied before placing the eye pad. Peni- 
cillin ointment is not desirable because of 
frequency of allergic response. 

Corticosteroid drugs, such as cortisone or 
prednisone, should not be 


used unless 


ordered by a physician. This is because of 
the danger of undiagnosed herpes simplex 
(fever blister) virus infections of the 
cornea. These sometimes may be increased 
greatly in severity, even to loss of the eye, 
by corticosteroids. 

The handling of all severe chemical burns 
of the eye should be left to a physician after 
the first-aid treatment. 


Use of Buffered Solutions 


The use of buffered irrigating solutions 
has been considered for years. The purpose 
of the buffer would be to neutralize any 
acid or alkali in the eye and restore normal 
pH. Phosphate buffers have been devised 
which, on preliminary animal studies, show 
some promise as an adjunct to irrigation. 
However, all such solutions have the dis- 
advantage of being designed primarily for 
acids or alkalis, whereas it is often im- 
possible to tell what chemical is present 
in an eye injury. Further study is being 
made of buffers to determine whether they 
have value or can safely be fitted into our 
emergency treatment of eye injuries. 

Dr. T. W. Nale, of Union Carbide & Carbon 
Corp.; Dr. Hedwig S. Kuhn; Dr. Ralph S. Me- 


Laughlin, and others assisted in preparing the sub- 
ject matter and illustrations. 


158 High St. 
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Screening for Eye Disease 


FRANKLIN M. FOOTE, M.D., New York 


In screening for eye disease, not only 
can one pick up local conditions of the eyes 
themselves but there is also opportunity 
for early detection of general disease, such 
as diabetes, hypertension, arteriosclerosis, 
and nephritis. All of these conditions are 
particularly important in persons over 40 
years of age; therefore it is most worth 
while to include a search for these condi- 
tions in periodic examinations among the 
more mature and experienced industrial 
employees. 

Hurlin ! has estimated that in the United 
States there are about 2 blind persons for 
1000 population; this would mean a total 
of more than 335,000 blind persons. The 
direct cost to the American people for care 
and services to the blind—talking books, 
public assistance under the welfare program, 
education, seeing-eye dogs, etc.—amounts 
to $150,000,000 a year by the most con- 
servative estimate. 

There are at least four ways that can 
be used to pick up eye disease as screening 
measures: the visual acuity test, ophthal- 
moscopic examination of the fundus, the 
taking of tensions through the use of a 
tonometer to detect early glaucoma, and 
screening visual fields through a multiple- 
pattern screening device. 

It is often forgotten that lowered visual 
acuity is a sign of eye disease or perhaps 
of general systemic disease affecting the 
eyes, as well as being an indication of a 
refractive condition, and depending upon 
the age group there have been reports that 
from 4% to 6% of employed persons with 
lowered visual acuity alone have some path- 

Received for publication June 11, 1957. 
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ologic lesion in the eyes. When there is 
such a condition present, of course, the 
person needs the care of a competent oculist. 

In general, when a refractive condition 
is taken care of it is possible to give the 
person 20/20 visual acuity at distance. This 
is not invariably true. Even though it is 
possible to give a person 20/20 acuity 
there may be some occasions when the re- 
fractionist does not see fit to do this and 
prefers for such reasons as comfort to cor- 
rect him up to 20/25 or 20/30 at distance. 
If the person has been to a nonmedical 
refractionist and visual acuity is not cor- 
rected up to 20/20 or fairly close to it, it is 
appropriate to seek an explanation as to 
why the acuity has not been corrected to 
this point. 

In Illinois, where a program was organ- 
ized in 1947 to provide screening eye tests 
for school children, with the cooperation of 
the Illinois Society for the Prevention of 
Blindness, the State Medical Society, and 
the State Optometric Association, it was 
agreed that if a child did not have his acuity 
corrected to at least 20/30 in either eye he 
should be referred by the optometrist to 
an ophthalmologist.” 

The use of the ophthalmoscope is uni- 
versally taught, and in many medical schools 
today purchase of an ophthalmoscope is 
required of the students during their clin- 
ical work. Unfortunately too many physi- 
cians do not make a practice of using the 
ophthalmoscope routinely and lose skill in 
its use. To recognize eye pathology one 
needs to see many normal fundi. Although 
ideally the pupils should be dilated with a 
quick-acting mydriatic, a great deal can be 
learned without dilating the pupil. If a 
physician feels unsure of himself he can 
usually find an ophthalmological friend who. 
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can arrange for him to spend some time 
examining persons with pathology and thus 
refresh his skill in studying the fundus. 

The ophthalmoscope often may be of 
more value than the stethoscope or taking 
blood pressure in revealing the status of 
any vascular disease that may be present. 
In looking for signs of arteriosclerosis one 
should bear in mind that normally the vessel 
walls are not visible and that one sees a 
column of blood with a light reflex along the 
convex surface of the vessel in contrast to 
the rest of the retina, which is transparent. 
As the wall of the artery thickens with 
arteriosclerosis, the column of blood be- 
comes narrower at that point. Although the 
veins actually remain the same size in the 
retina, they seem to have grown thicker in 
comparison with the narrowed artery. In- 
dentations appear in the columns of venous 
blood at points where the sclerotic arteries 
cross, giving the blood column in the vein 
a constricted appearance. 


As sclerosis develops, the light reflex on 


the arterial wall becomes wider. These 
changes at first appear only in certain 
vessels, while others continue normal in 


appearance. Later white patches and small 
retinal hemorrhages can be seen. 

In diabetes one can see small yellowish 
or white deposits in the retina which may 
be either or round in appearance. 
Some small aneurysmal varices and _ later 
hemorrhages may be seen. 
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Later fluffy 
snowy deposits may obscure the macula. 

Because the refractive state of the eye is 
influenced by the blood sugar, the uncon- 
trolled diabetic may be myopic if his blood 
sugar is high; he may be hyperopic if his 
blood sugar is abnormally low. Sometimes, 
therefore, the first evidence of diabetes may 
be merely a dissatisfaction with his glasses 
and the purchase of two or three pairs of 
glasses. 

In glaucoma at the optic disc there is a 
definite change in the appearance of blood 
vessels as they cross the edge of the nerve 
end after the pressure has been sufficient to 
produce cupping. Some authorities feel that 
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this is a fairly early sign, the most early 
sign. Others are less confident of their 
ability to recognize such changes. Certainly 
when any dipping of the vessels is seen in 
what appears to be an optic cup one should 
have a competent ophthalmological examina- 
tion and advice with regard to treatment. 

With the ophthalmoscope one also can 
detect such signs of trouble as opacities in 
the lens or separation of the retina, which 
needs further examination and _ perhaps 
prompt treatment. 

Tonometry is taking the intraocular ten- 
sion with an instrument known as the to- 
nometer. The specific purpose of this test 
It is 
estimated that in this country there are 
42,000 blind in both eyes from glaucoma 
and at least 150,000 blind in one eye. Prob- 
ably the majority of persons with glaucoma 
diagnosed for the first time in an eye clinic 
or an ophthalmologist’s office at present are 
in a well-advanced stage. 


is to detect chronic simple glaucoma. 


The three common types of glaucoma in 
adults are acute congestive, chronic simple, 
Although acute 
congestive glaucoma and secondary glau- 
coma usually can be suspected by their 
symptoms, this is not true of chronic sim- 
ple glaucoma in the early stages, and un- 
fortunately chronic simple glaucoma is far 
more prevalent than the acute type. 


and secondary glaucoma. 


It is symptomless, insidious, and for that 
reason often called a thief in the night. 

The only thing that might be termed an 
early symptom is a feeling that glasses need 
changing. Since these people are in the 
presbyopic period, they feel better if their 
glasses have been changed, and yet they 
As the 
disease progresses there is a loss of side 
vision and enlargement of the blind spot, 
which the 
person for a considerable period of time. 


become dissatisfied in a few weeks. 


may not become apparent to 
The only way to reduce the economic 
burden of blindness this 


through early detection. 


cause is 


In addition to use of the ophthalmoscope, 
the tension should be tested periodically. 
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Drs. Trygve Gundersen and Derrick Vail 
have pointed out that digital palpation is 
not at all reliable, even in the hands of 
most ophthalmologists; therefore taking the 
tension of the eye with a tonometer is now 
being taught in at least four medical schools 
to all medical students. 

Several industrial and community-wide 
surveys have shown that tonometry can be 
done in an industrial setting. One of the 
earliest of these was done in Philadelphia, 
starting in 1944, and has been reported by 
Carpenter,® Bray and Kirber,* and Hankla.® 
Most of the people tested were employed 
in industries or in department stores in 
Philadelphia, and more than 10,000 men and 
women over the age of 35 years had tests 
for glaucoma. 

As a result of that survey, 84 persons 
were found with moderately advanced 
glaucoma, 69 with fairly early glaucoma, 
and 71 with what was termed borderline 
glaucoma, as diagnosed in eye clinics or 
by private ophthalmologists. 

Counting only those with early and mod- 
erately advanced glaucoma the incidence is 
1.5% in that age group, and if we include 
the: borderline cases it is 2.2% 

In Portland, Ore., at the medical school,® 
among 1000 newly hospitalized patients 
over 40 years of age in the general medical 
and surgical services an incidence of 2% 
chronic simple glaucoma was found. In a 
private eye practice in lowa, Phelps’ re- 
ported an incidence of 5% glaucoma among 
new patients over 45 years of age. How- 
ever, all of these persons had some symp- 
toms of eye trouble. 

In Cleveland,* in a one-day survey of 
over 12,000 persons over the age of forty, 
240 cases of glaucoma were found, or ap- 
proximately 2%. Only 23 of these 240 
were later found to have been previously 
diagnosed as having glaucoma. 

In southern California the state chapter 
of the National Society for the Prevention 
of Blindness * has been conducting surveys 
in several communities with the help of the 
ophthalmologists who are serving in the 
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exhibit area demonstrating techniques. In 
1956 glaucoma surveys were made in five 
communities near Los Angeles—Glendale, 
Alhambra, Pomona, Van Nuys, and Santa 
Barbara. A total of 3683 persons were 
screened, and 81 positive cases of glaucoma 
were reported by the private oculists to 
whom the suspected persons were referred. 
All of the reports on the suspected cases 
have not yet been received, but this group 
has an incidence of 2.2% with glaucoma. 
This is a slightly older group, since many of 
the persons screened were receiving old-age 
assistance. 

In the screening surveys a local anesthetic 
is used before the tonometer can be placed 
on the eye. There is a stinging sensation 
for two or three seconds, and then the 
tonometer can be applied. It is very impor- 
tant that the proper technique be used to 
avoid squeezing of the eyeball by the eyelids 
because this gives false-postives and causes 
a good deal of trouble. 

It is also important to avoid any possi- 
bility of a scratch of the cornea. The anes- 
thetic used generally wears off in 20 or 30 
minutes, but the patient should be informed 
that it is necessary to avoid rubbing the 
eyes and that if he gets a foreign body 
in the eye during that period of time he 
will not have any sensation of it. 

In none of the surveys that I know of 
have there been any untoward reactions in 
the persons tested, either from sensitivity 
or from corneal injury, which is significant 
in view of ‘he numbers involved. Yet the 
possibility of such reaction does exist. 
Therefore a competent ophthalmologist al- 
ways should carefully instruct the physician 
doing this test, and visual acuity should 
always be tested before the tension is taken. 

In general it is felt that persons with 
a tension of over 25 ml. of Hg need a 
repeated test, and if the tension is still over 
that level, various ophthalmological studies 
should be made. These will include recheck- 
ing tension, testing the daily variation in 
pressure which is considerably different at 
various hours; doing tonography, which is 
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testing the rate of fall when a tonometer 
is left on for four or five minutes; taking 
fields of vision, and doing provocative tests. 

The incidence of glaucoma is higher as 
the age group is higher. In the Philadelphia 
survey, for example, in the age group be- 
tween 35 and 44 years of age the incidence 
of glaucoma was 1.2 persons per 100; in 
the 45 to 54 group it was 2.2; in the 55 to 
64 group it was 3.6. In the over 65 age 
group another survey has shown it is around 
5% or 6%. 

It is also well to keep in mind that there 
seems to be a familial incidence. Posner 
and Schlossman '° showed that in 373 pa- 
tients 14% had a relative with the condition. 
Therefore it is important to encourage rela- 
tives of persons with glaucoma to have an 
eye examination every two years or oftener. 

The taking of visual fields is a rather 
time-consuming procedure, but there is a 
new type of screening device described by 
Harrington and Flocks ™ which has created 
a great deal of interest because it permits a 
rough screening test in less than five min- 
utes. The authors have used the test on 
several hundred normal and more than 100 
abnormal patients and have shown a close 
correlation between the field defects found 
with this and with the more time-consuming 
tangent screen examination. Robertson, of 
Asheville, N. C., has confirmed these find- 
ings in industrial work on over 9000 per- 
2 Since an intelligent technician or 
nurse can be taught to do this multiple- 
pattern test and medication is 
needed, the method can be recommended 
for screening industrial employees and de- 
serves further trial. 


sons.! 


since no 


In summary, then, four brief but worth- 
while methods have been described for 
finding eye disease early: taking visual 
acuity at distance and near; doing ophthal- 
moscopic examination of the fundus peri- 
odically; taking intraocular tension with a 
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standardized tonometer; and doing a screen- 
ing test for field of vision on persons over 
35 or 40 years of age. By incorporating 
tests like these in the periodic physical ex- 
aminations, whether those made of all 
workers or of the executive group, the 
industrial medical department can make an 
unparalleled contribution to the nationwide 
effort to prevent unnecessary loss of sight 
and at the same time will undoubtedly save 
the sight of large numbers of the more 
experienced employees who may be the 
most valued workers. 


National Society for the Prevention of Blind- 
ness, 1790 Broadway (19). 
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Questions and Answers by 
Miss Margaret Hargreaves 


Someone is trying to put me on the spot. The 
question reads as follows: “Don’t you think it 
behooves the industrial physician to be qualified 
to handle serious emergency eye injuries? After 
all, not all areas have an ophthalmologist on beck 
and call. | am referring to emergency care.” 

Most of the industrial physicians that I have 
discussed this with feel that they are qualified, 
certainly, to take care of certain eye cases, but 
when it goes beyond simple care and diagnosis 
they are only too glad to have an eye specialist 
take care of the case. In many instances I have 
known physicians to do just as a nurse would and 
put an sterile eye pad on a seriously injured eye 
and send the person to a qualified eye specialist. 
Many industrial physicians just don’t feel that they 
are qualified to give this specialized care. 

Where there is no ophthalmologist in the area, 
then it becomes the physician’s duty of course to 
take care of such cases; but again he is certainly 
put in a position where he must determine whether 
he should send a person with a seriously injured 
eye somewhere where he can obtain specialized 
care. 

I feel sure that this is the individual physician’s 
responsibility, and he will not only acknowledge it 
but he will have available in advance suitable 
emergency resources for referral. 

The second question: “Do you think that a 
nurse’s screening of the vision of an employee 
should ever be used by the nurse alone to prevent 
employee placement on a new job?” 


I don’t believe that the nurse is ever in a position 
to decide whether or not a person should be placed 
on a job. Actually, she is just an instrument to- 


ward evaluating a person’s health. It should be 
someone in management who decides whether or 
not the person is qualified to accept a position or 
who can judge whether or not that person is able 
to do that job. She is putting herself in a very bad 
position if she does assume that responsibility. 


Questions and Answers by 
Mr. Richard Wilkins 


Evidently I didn’t answer too many questions; I 
think I received the largest number. You can take 
that one of two ways; it was thought provoking 
or I didn’t do much of a job. 

“How much did proper safety equipment cost 
in order to save the more than $1,000,000?” 

That would be extremely difficult to answer 
fully. I would say possibly in the six-year period 
in which we estimate the saving of over a million 
dollars we probably have purchased pretty close 
to three-quarters of a million dollars’ worth of 
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protective eye equipment. Of course you must 
remember that the estimate of the savings was 
based only on a direct compensation cost, not on 
any indirect costs that would result from an in- 
dustrial accident. 

“In fitting programs, what kind of license is re- 
quired in California? This factor seems to be a 
stumbling block in planning an eye protection pro- 
gram in a plant of 2000 employees.” 

I probably didn’t make that too clear. It is 
required that a dispensing optician in the State of 
California must be licensed. The reason that we 
use a licensed. dispensing optician is quite simple. 
We want that man to be able, if an employee has 
prescription safety glasses that need adjustment, 
to be able to take care of that service also. As far 
as the adjustments on fitting Plano safety glasses, 
there is no license requirement. 

“Does rewarding an employee for having an 
accident cause bad feelings by the employee who 
does not have an accident because he assumes the 
proper work position, keeps his tools in good condi- 
tion, recognizes hazards, and so on? How do you 
reward the employee who is doing a safe job?” 

That is a good one. I will have to say we don't 
reward him. Actually, the reward that we give to 
the Wise Owl Club people is a fairly simple one. 
We buy him a steak dinner and give him the three 
little pieces of equipment that show he is a member 
of the Wise Owl Club. One is the certificate, 
second is the gold embossed lapel pin, and third 
is the green Wise Owl badge. The only reward 
we give our employees who work safely and do not 
suffer accidents is a literary pat on the back maybe 
once a year. We tell them we appreciate their 
efforts, and we hope it does some good. It is a 
difficult thing to do. 

“What particular jobs make side-shields manda- 
tory?” 

Actually, so far as we are concerned, and we 
could be wrong, we do not require the wearing of 
side shields as a mandatory thing except on a heavy 
impact hazard job, such as a chipping operation 
in our foundry. We do require that full face 
shields be worn on exposures that entail a con- 
siderable number of chips flying (light chips), and 
in lead-pouring operations, of course, we require 
the full face shield with the mesh at the bottom. 

“In fitting a new employee with safety glasses 
do you consider his need for refraction? Explain 
how this is handled.” 

As part of our preplacement physical examina- 
tion we do a screening operation, using one of the 
accepted types of screening equipment. If this 
employee fails to come up to our standard he is 
required before going to work to go out to an 
optician or an ophthalmologist and get the neces- 
sary correction to bring him to our standards. 
Our minimum standard is 20/30 vision. If he falls 
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below this on his preplacement examination he is 
required to go out to a physician or an optometrist 
of his own choice and get the necessary correction 
to bring him up to that minimum standard. So we 
feel that when he gets to our indoctrination lecture 
and is not wearing glasses he theoretically doesn’t 
need a correction. 

“Is there an initiation fee for joining the Wise 
Owl Club, and who foots the bill?” 

Yes there is. It is $2, which is quite nominal | 
think, and this is paid to the Wise Owl Club of 
America, which has its headquarters in New York; 
this just barely, I’m sure, pays for the three little 
pieces of equipment that we give each new member 
and the clerical work that is entailed. 

A second part of this question: “How is a new 
chapter organized ?” 

It is very simple. All you have to do is write 
to the Wise Owl Club of America in New York, 
and they will give you all the information. Or you 
can write to the National Society. They will give 
you all the information, and this is about all it 
amounts to. 

There are certain requirements as to screening 
of prospective members, and these requirements 
are outlined and are fairly simple. 

“How are eye examinations handled, on premises 
or by referral?” 

Basically, on new employees we handle them as 
| mentioned, on referral. We tell them to go to 
the doctor of their own choice. In our larger 
operations we do have facilities for outside doctors 
to come in and do refractions on our property. 
This is strictly an operation where we handle 
the clerical work; the safety office handles the 
making of the appointments. Any fees that are 
paid are paid directly by the employee to the 
examining physician. We do not enter into that 
phase of it. It is just a service to foster and pro- 
mote the use of prescription safety glasses. 

“Must the accident in which the eye is saved 
occur on the job to qualify for the Wise Owl 
Club?” 

Yes, it industrial incentive 
program, and that is one of the requirements. 


must. This is an 


Questions and Answers by 
Mr. James E. O’Neil 


| have a question that reads, “Can you suggest 
ways of selling management on the need for a 
comprehensive eye program, one whose experience 
has not been too bad?” 

While a really complete answer would require 
quite some time, I will do the best I can in the 
limited time available. 

Industry functioning without adequate eye pro- 
tection is playing a dangerous game, and with 
someone else’s chips. Their luck can’t possibly 


hold out forever, and besides they’re up against 
the law of averages. Sooner or later the dice will 
turn up the wrong way, and more needless eye 
injuries or lost eyes will be added to the wrong 
side of our safety ledger. 

The easiest way to sell management is to put 
eye-safety programing on a dollar-and-cent basis; 
conclusive evidence indicates it’s good business to 
invest in eye-protective equipment. For example, 
a plant with 100 shop employees can keep eye 
injuries out of their plant with an investment of 
approximately $400 to $600—that is, if all em- 
ployees wear the protection throughout their entire 
workday. Allow even one employee to work un- 
protected and the entire investment, and the man’s 
vision, can be wiped out in an instant. In other 
words, buying safety eyewear should be looked 
upon as a capital investment, and if you want a 
return on your money, a dividend so to speak, 
then the eye-protective equipment must be worn. 
It’s that simple. 


Questions and Answers by 
Dr. Ralph W. Ryan 


“How does a 50 ml. round flat lens compare with 
a 50 ml. round fixed-curve lens for safety pur- 
poses? Is it optically perfect? Will it withstand 
as much trauma?” 

I should say first of all that optically it is not 
as perfect. With the flat lens, if it contains no 
strain lines, in looking straight ahead through the 
center of the lens there is no distortion. In looking 
some distance out to the side there will be a pris- 
matic change and there will be some distortion. 
This will be minimized with the fixed-curve lens. 

With the corrected-curve lens it is minimized 
to the least amount that is possible with our com- 
mercially fitted glasses. 

Secondly, “Will it withstand as much trauma?” 

My belief is that it will not withstand as much 
trauma, because a curved surface, as, for example, 
a stovepipe, will stand much more strain before it 
bends or breaks than the same amount of sheet 
metal will stand when it is subjected to stress. In 
other words, the curved effect, with trauma usually 
coming from the front, should make the curved 
lens stronger than an ordinary flat lens. 

Let me say in explanation that I suspect that 
the reason flat lenses are still in use is that they 
are much cheaper to make and consequently cut 
down the cost of a safety program. 

The next question: “Should the plant physician 
use hydrocortisone solution in his plant eye treat- 
ments? What are contraindications? What are its 
dangers?” 
little hard to answer because the 
questioner doesn’t specify what type of trouble he 
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is treating with it. We do not believe that any 
of the corticosteroid drugs are cure-alls. If they 
are used topically in an eye infection it is my feel- 
ing that there should be concomitantly used with 
them some suitable antibiotic or at least a bacterio- 
static substance, such as the sulfonamides, which 
will tend to inhibit the infection. These cortico- 
steroids are not effective against infection. In 
fact, there is a question that they may actually 
make certain infections worse, so that that answer 
would have to be qualified with what sort of condi- 
tion he is treating. Certainly there are many condi- 
tions where the use of hydrocortisone will be very 
beneficial. 

Now, contraindications. As I mentioned, there 
is infection, particularly the infection with herpes 
simplex, or fever-blister virus, which sometimes 
causes a condition of the cornea referred to as 
dendritic keratitis. In that particular infection we 
very strongly object to the use of corticosteroid 
drugs for topical treatment. Dangers are that first 
of all it tends to remove the body defenses against 
infection. Cortisone may make the eye feel com- 
fortable while the infection actually is becoming 
worse. The eye may feel comfortable in the 
presence of infection, and the body is prevented 
from mobilizing its own natural defenses against 
that infection. In particular there is the danger 
of herpes simplex keratitis being made much 
severer by such treatment. 


Questions and Answers by 
Dr. Franklin M. Foote 


The first question is, “Can industrial nurses do 
glaucoma detection under the direction of a con- 
sulting ophthalmologist?” 

Well, that depends. An industrial nurse can use 
this Harrington-Flocks multiple-pattern screening 
device which is being shown here in two different 
exhibits. No medication is required, and it is a 
relatively simple test, although the person admin- 
istering it needs competent instruction. 

If you are speaking of taking the tension in the 
eye, that is a more controversial question. That 
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would probably depend a great deal on the con- 
sulting ophthalmologist as well as on the plant 
medical director and the nurse. It is no reflection 
on the nurse, particularly, but not all people, in 
fact not all physicians, can take tension with a 
tonometer in a satisfactory way. However, I know 
of hospitals where a nurse has been taught to take 
the tension and does an excellent job under the 
very close supervision of a physician. 

The other question is, “Can Plano goggles alone 
cause irritation of the eyes, specifically conjunctival 
irritation?” 

Assuming that you are speaking of the correct 
type of Plano goggles, such as would meet the 
standards of the American Standards Association, 
| would say categorically no, they could not cause 
conjunctival irritation or any other kind of irrita- 
tion of the eyes. You can answer that question 
very practically when it is put to you by saying 
that Plano safety glasses that meet the standards 
of the American Standards Association are far 
more correct optically than the safety windshields 
in automobiles and trucks. Yet you never hear of 
anyone developing allergies of the eyelids or of the 
cornea or sties when they spend 9 or 10 hours 
a day on their vacation driving their automobiles 
and looking through the windshield all that time. 


Comment by Dr. Edmund B. Spaeth 


Relative to that first question of Dr. Foote’s, I 
can quote legal advice that was given to us in 
Philadelphia, the first as to the advisability of 
nurses taking tension. It was in reference to our 
glaucoma surveys there. We were advised that it 
would be unwise to permit a nurse to take tension 
under those circumstances. 

The other shows the delightful inconsistency of 
the legal profession. We were advised relative to 
the taking of tension in the hospitals that a nurse 
taking tension is no different from a nurse doing 
a therapeutic or a diagnostic or a routine procedure 
such as taking a blood pressure reading with a 
sphygmomanometer. So I have added to Dr, 
Foote’s doubt. 
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Threshold Limit Values for 1957 


Adopted at the 19th Annual Meeting of the American 
Conference of Governmental Industrial Hygienists 
St. Louis, April 20-23, 1957 


Values are given in the following tabulation for the maximum average atmos- 
pheric concentration of contaminants to which workers may be exposed for an 
eight-hour working day without injury to health. 

These values are based on the best available information from industrial ex- 
perience, from experimental studies, and, when possible, from a combination of 
the two. They are not fixed values but are reviewed annually by the Committee 
on Threshold Limits for changes, revisions, or additions as further information 
becomes available. Threshold limits should be used as guides in the control of 
health hazards and should not be regarded as fine lines between safe and dangerous 
concentrations. They represent only conditions under which it is felt that workers 
may be repeatedly exposed, day after day, without adverse effect on their health. 
The figures listed refer to weighted average concentrations of an eight-hour work- 
ing shift rather than a maximum which is not to be exceeded even momentarily. 
The amount by which these figures may be exceeded for short periods during the 
workday depends upon a number of factors, such as the nature of the contaminant, 
whether very high concentrations even for short periods produce acute poisoning, 
whether the results are cumulative, the frequency with which high values occur 
and for what periods of time. All must be taken into consideration in arriving at 
a decision as to whether a hazardous situation is deemed to exist. 

These values are not intended for use, or for modification for use, in the 
evaluation or control of community air pollution or air-pollution nuisances. 

The Committee welcomes the suggestion of substances to be added to the list 
and also comments, references, or reports of experience with these materials. 


Received for publication May 23, 1957. 


RECOMMENDED VALUES 
Gases and Vapors 


Approx. Mg. Approx. Mg. 


SUBSTANCE PPM* per Cu. M.t = SuBsTaNce PPM* per Cu. M.+ 
Acetaldehyde ............. 200 360 Benzene (benzol) ........ 25 80 
10 25 Benzyl chloride .......... 1 5 
Acetic anhydride ......... 5 20 cane 7 
1,000 2,400 Butadiene 
0.5 1.2 (1,3-butadiene) .........1,000 2,200 
Aly! 5 12 Butanone (methyl 

(x)Allyl chloride ............ 5 15 ethyl ketone) ........... 250 740 
Allyl propyl disulfide ..... 2 12 Butyl acetate 
100 70 (n-butyl acetate) ....... 200 950 
Amyl acetate ............. 200 1,050 Butyl alcohol 
Amy! alcohol (n-butanol) ............ 100 300 

(isoamyl alcohol) ...... 100 360 oe a eee 5 15 
5 19 Butyl cellosolve 


0.05 0.2 (2-butoxyethanol) ...... 50 240 
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Approx. Mg. 


Approx. Mg. 
PPM* per Cu. SusstaNncr 


SUBSTANCE PPM* per Cu. M7 


Carbon tetrachloride 

Cellosolve 
(2-ethoxyethanol ) 

Cellosolve acetate 


(2-ethoxyethyl acetate) . 


Chlorine 


Chlorobenzene 


(monochlorobenzene) ... 


Chloroform 
(trichloromethane ) 
1-Chloro-1-nitropropane . 


(x) Chloropicrin 


Chloroprene (2-chloro- 
1,3-butadiene) 
Cresol (all isomers) 
Cyclohexane 
Cyclohexanol 
Cyclohexanone 
Cyclohexene 
Cyclopropane 


(x) Decaborane 


Diacetone alcohol 
(4-hydroxy-4-methyl- 
2-pentanone ) 

Diborane 


Dichlorodifluoromethane .. . 


1,1-Dichloroethane 
1,2-Dichloroethane 


(ethylene dichloride) ... 


1,2-Dichloroethylene 
Dichloroethyl ether 
Dichloromonofluoro- 
methane 
1,1-Dichloro-1- 
nitroethane 
Dichlorotetrafluoroethane 
Diethylamine 
Difluorodibromomethane 


Diisobutyl ketone ......... 


Dimethylaniline 
( N-dimethylaniline ) 
Dimethylsulfate 
Dioxane (diethylene 
dioxide) 
Ethyl acetate 


(x) Ethyl acrylate 
Ethyl alcohol (ethanol) . 


Ethylamine 
Ethylbenzene 
Ethyl bromide 
Ethyl chloride 
Ethyl ether 


5,000 


. 1,000 


25 


9,000 
60) 
110 
160) 


Ethyl formate 
Ethyl silicate 
Ethylene chlorohydrin .... 


Ethylenediamine .......... 


Ethylene dibromide 
(1,2-dibromoethane ) 
Ethylene imine 
Ethylene oxide 
Fluorine 
Fluorotrichloromethane 
Formaldehyde 


(x) Furfural 


Gasoline 
Heptane (n-heptane) 
Hexane (n-hexane) 
Hexanone (methyl 
butyl ketone) 
Hexone (methyl 
isobutyl ketone ) 
Hydrazine 
Hydrogen bromide 
Hydrogen chloride 
Hydrogen cyanide 
Hydrogen fluoride 
Hydrogen peroxide, 90% .. 
Hydrogen selenide 
Hydrogen sulfide 


Isophorone 

lsopropylamine 

Mesityl oxide 

Methyl acetate ........... 
Methyl acetylene 


(x)Methyl acrylate 


Methyl alcohol 
(methanol ) 

Methyl bromide 

Methy! cellosolve 
(2-methoxyethanol ) 

Methy! cellosolve acetate 
(ethylene glycol mono- 
methyl ether acetate) ... 

Methyl chloride 

Methylal (dimethoxy- 

Methyl chloroform 
(1,1,1-trichloroethane ) 

Methylcyclohexane 

Methylcyclohexanol 

Methylcyclohexanone 

Methyl formate 

Methyl isobutyl carbinol 
(methyl amyl alcohol) .. 

Methylene chloride 
(dichloromethane ) 

Naphtha (coal tar) 

Naphtha (petroleum) 


300 
850 


610 
1,650 


35 
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1,000 


Carbon dioxide .......... 100 
Carbon disulfide .......... 20 po 100 
Carbon monoxide ........ 100 5 16 
4 
Chlorine trifluoride ....... 0.1 0.4 .. 1,000 5,600 
: 500 2,000 
100 490 500 2,000 
2 100 500 «1,800 
a 100 410 
90 
22 100 410 
L.... 400 1,400 1 13 
410 5 17 
400 5 7 
400 1,350 10 
— 690 3 2 
2 0.3 1 14 
0.05 0.2 
20 30 
240 lodine . 0.1 1 
0.1 25 140 
4 : o-Dichlorobenzene ........ 50 300 5 12 
| ()(X) 4,950 50 200 
‘a 1,000 
... 200 790 
4 90 200 = 
20 80 
...1,000 4,200 
4 25 80 
60 
1,000 7,000 
75 25 120 
.. 100 860 100 210 
290 
3,100 
25 
360 100 470 
400 1,400 100 460 
100 100 250 
45 25 100 
870 
200 800 
262 
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THRESHOLD LIMIT VALUES 


Approx. Mg. Approx. Mg. 


SUBSTANCE PPM* per Cu. Mt Susstance PPM* per Cu. M.t 
Nickel carbonyl .......... 0.001 0.007 Propylene dichloride 
5 25 (1,2-dichloropropane) .. 75 350 
p-Nitroaniline ............ 0 1 6 Propylene imine ......... 25 60 
Nitrobenzene ............. 5 10 30 
Nitroethane .............. 100 310 01 04 
Nitroglycerin Stoddard solvent ......... 500 2,900 
Nitromethane ............ 100 250 Styrene wotiemer 
5 
2- N itropropane ........... 30 180 (phenylethylene) ....... 100 420 
30 Sulfur dioxid 
» 
Pentanone (methyl 7 fur pentafluoride ...... 0.025 0.25 
propyl ketone) ......... 200 700) p- Fertiarybutyltoluene 10 60 
Perchlorethylene 1,1,2,2-Tetrachloroethane 5 35 
(tetrachloroethylene) ... 200 1,350 (x)Tetrahydrofuran ......... 200 590 
5 19 Tetranitromethane ........ ] 8 
Phenylhydrazine .......... 5 22 Toluene (toluol) ........ 200 750 
Phosgene (carbonyl O- 5 22 
chloride) 4 Trichloroethylene ......... 200 1,050 
Phosphine ......... ( 1.05 0.07 
Phosphorus trichloride .... 0.5 3 ici 1.000 6,100 
Propyl alcohol Vinvl chlorid 
(isopropyl alcohol) .... 400 980 
Propyl ether (chloroethylene) ....... 500 1,300 
(isopropyl ether) ...... 500 2,100 Xylene (xylol) ........... 20 870 


* Parts of vapor or gas per million parts of air by volume. 
+ Approximate milligrams per cubic meter of air. 
(x) These values appeared on the tentative list for 1956. 


Toxic Dusts, Fumes, and Mists 


Mg. per Mg. per 
SUBSTANCE Cu. M.t SussTANCE Cu. Mf 
Aldrin (1,2,3,4,10,10-hexachloro- (at 5 
1,4,4a,5,8,8a-hexahydro-1,4,5,8- 2,4-D(2,4-dichlorophenoxyacetic 
dimethanonaphthalene) ............ 0.25 ACID) 10 
Ammate ( ammonium sulfamate) .... 15 (x) DDT (2,2-bis[p-chlorophenyl]-1,1,1- 
(x)ANTU (alpha-naphthyl-thiourea) ... 0.3 Dieldrin ( 1,2,3,4,10,10-hexachloro- 
Barium (soluble compounds) ....... 05 1,4,5,8-dimethano-naphthalene) Sere 0.25 
Chlordane (1,2,4,5,6,7,8,8- Dinitro-o-cresol 0.2 
octachloro-3a,4,7,7a-tetrahydro- EPN (O-ethyl O-p-nitropheny! 
4,7-methanoindane) ... ie 2 _thionobenzenephosphonate) 0.5 
(x)Chlorinated camphene, 60% ........ 0.5 (x) Ferbam (ferric dimethyl 4 
Chlorinated diphenyl oxide .......... 0.5 _ dithiocarbamate) Is 
Chlorodiphenyl (42% chlorine) ...... 1 Ferrovanadium 1 
(x)Chlorodiphenyl (54% chlorine) ...... 0.5 Fluoride 25 
Chromic acid and chromates (as CrOs) 0.1 (x) HETP (hexaethyl tetraphosphate) .. 0.1 
Crag herbicide (sodium 2-[2,4- Hydroquinone 2 


fi 
j 
> 
af 


A, 


SUBSTANCE 
Lindane (hexachlorocyclohexane, 
Magnesium oxide fume .............- 15 


Malathion (O,O-dimethyl dithiophos- 
phate of diethyl mercaptosuccinate) . 15 


Mercury (organic compounds) ...... 0.01 
Methoxychlor (2,2-di-p-methoxyphenyl- 
1,1,1-trichloroethane) .............. 15 
Molybdenum 
(soluble compounds) .............. 5 
(insoluble compounds) ............ 15 
Parathion (O,O-diethyl O-p- 
nitrophenyl thiophosphate) ........ 0.1 
Pentachloronaphthalene ............. 0.5 
Phosphorus (yellow) ............... 0.1 
Phosphorus pentachloride ............ 1 
Phosphorus pentasulfide ............. 1 
Selenium compounds (as Se) ........ 0.1 
(x)Sodium fluoroacetate (1080) ........ 0.1 


Sulfuric acid 


SUBSTANCE MPPCF$ 
Dust (nuisance, no free silica) .......... 50 
Mica (below 5% free silica) ............ 20 


§ Millions of particles per cubic foot of air. 


SUBSTANCE PPM|| per. Cu. M.{ 
Acetylene tetrabromide ...... 1 14 
Allyl glycidyl ether (AGE) .. 10 45 
Boron trifluoride ........... 1 3 
n-Butyl glycidyl 

ether (BGE): 50 270 

(x)Butyl mercaptan ............ 10 35 


Chloroacetaldehyde 
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t Milligrams of dust, fume, or mist per cubic meter of air. 
(x) These values appeared on the tentative list for 1956. 


Mineral Dusts 


TENTATIVE VALUES 
Approx. Mg. 


SUBSTANCE 
TEDP (tetraethyl 
dithionopyrophosphate) ............ 0.2 
TEPP (tetraethyl pyrophosphate) 0.05 
Tetryl (2,4,6-trinitrophenyl- 
methylnitramine) 1.5 
(x)Thiram (tetramethyl thiuram 
(x)Thallium (soluble compounds) ...... 0.1 
Trichloronaphthalene ................ 5 
Uranium 
(soluble compounds) .............. 0.05 
(insoluble compounds) ............ 0.25 
Vanadium 
(x)Warfarin (3-[@ acetonylbenzyl ]-4- 
hydroxycoumarin) 0.5 
Zirconium compounds (as Zr) ....... 5 


Radioactivity: For permissible concentrations of radio- 
isotopes in air, see ‘“‘Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum Per- 
missible Concentrations in Air and Water,”’ Handbook 52, 
U. S. Department of Commerce, National Bureau of 
Standards, March, 1953. In addition, see ‘Permissible 
Dose from External Sources of Ionizing Radiation,” 
Handbook 59, U. S. Department of Commerce, National 
Bureau of Standards, Sept. 24, 1954. 


Revision of the two publications mentioned above is in 
progress. 


MPPCF$ 
Silica 
high (above 50% free SiOz) .......... 5 
medium (5 to 50% free SiOz) .......... 20 
low (below 5% free SiOz) ............ 50 


Approx. Mg. 


SUBSTANCE PPM|j per. Cu. M.§ 
(x) Chlorobromomethane 
Diglycidyl ether (DGE) .... 10 55 
Dimethyl formamide ........ 20 60 
Dipropyleneglycolmethylether . 100 600 
(x)Ethyl mercaptan ............ 250 640 
(x)Furfuryl alcohol ............ 50 200 


: 

x Mg. per Mg. per 

~ 

Soapstone (below 5% free ........ 20 


THRESHOLD LIMIT VALUES 
Approx. Mg. 


Approx. Mg. 
SUBSTANCE PPM|| per.Cu.M.{— SuBsTaNce PPM|| per. Cu. 
Isopropyl glycidyl ether Propylene oxide 240 
(IGE) 240 Tertiary butyl alcohol 300 
Lithium hydride 25y/m* (x) Tolylene-2,4-diisocyanate .... 0.7 
(x) Methyl mercaptan Triethyl amine 100 
a Methyl styrene Vinyl : 
M hvi anil Yttrium and inorganic 
Monomethyl aniline compounds 
Paradichlorobenzene Xylidine 
(x) Perchloromethyl mercaptan : 0.8 (*) Teflon decomposition 
Phenyl glycidyl ether products 
(*)Pentaborane (BsH») 


(PGE) 


|| Parts of vapor or gas per million parts of air by volume. 


310 


{ Approximate milligrams per cubic meter of air. 


(x) These values appeared on the tentative list for 1956. 
* Until more data are forthcoming, it is important that atmospheric concentrations of these materials to which workers 
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News and Comment 


ANNOUNCEMENTS 


Course in Occupational Skin Problems.—The Institute of Industrial Health of the 
University of Cincinnati announces that the third biennial course of instruction in 
Occupational Skin Problems will be given during the week of Oct. 28 through Nov. 1, 
1957. It will be presented by the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati, in collaboration with the Occupational Health Program 
of the United States Public Health Service and the Department of Dermatology of 
the University of Cincinnati. The objective of this course is to give physicians a greater 
understanding of cutaneous problems of occupational origin. 

The program will be divided into three daily sessions, consisting of morning lectures 
and clinical demonstrations, afternoon field instruction in industrial plants, and evening 
panel discussions. The didactic presentations will include a review of the anatomy, 
physiology, and chemistry of the skin. Detailed consideration will be given to the 
etiology, diagnostic evaluation, and treatment of occupational dermatoses, as well as 
specific measures for prevention and control of these problems. Current concepts 
regarding cutaneous cancer, allergic reactions, and medicolegal problems will be discussed. 

Physicians interested in attending the course should write for an application blank to 
Secretary, Institute of Industrial Health, Kettering Laboratory, Eden and Bethesda 
Avenues, Cincinnati 19. Early application is advised, since attendance will be limited. 


First Annual Western Occupational Health Conference.—This year, for the first time 
in the Western United States, all groups connected with industrial medicine, will meet 
together to discuss problems and ideas of common interest at the Western Occupational 
Health Conference, Oct. 4, 5 and 6. 

The interested groups will contain not only doctors in mdustrial medicine (Western 
Industrial Medical Association), but also nurses, hygiene specialists and safety and 
compensation experts. Many representatives from management in prominent western 
companies will also be present. 

The Western Occupational Health Conference will be held at the Biltmore Hotel 
in Los Angeles. 

Excellent speakers have been obtained to lead discussions in Human Engineering, 
Radioisotopes in Industry, Dermatological Problems, The Aging or Handicapped 
Employee, Psychiatric and Emotional Problems in Industry, and many other related 
subjects. 

Exhibits of interest in all participating groups will be featured at the three-day 
conference. 
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Breakfast Cereals 
are Low in Fat 


At leading professional meetings, in profession- 
al journals, and in health columns and articles 
in the lay press during the year, there has been 
a noticeable increase in the tendency to discuss 
the fat content of the daily food intake. 


In dietary regimens recommended by nutrition 
and medical authorities for the purpose of re- 
ducing fat in the diet the importance of the 
morning meal is given full recognition. 


In the low-fat diet, breakfast cereals deserve con- 


sideration because they are low in fat as shown 
in the following table. Whole grain, enriched and 
restored cereals, hot and ready to eat, consid- 
ered as a group can be counted on to supply 
vitamins of the entire B-complex, important 
minerals including iron, appreciable quantities 
of protein in addition to the carbohydrates 
needed for energy. Thus, breakfast cereals 
merit inclusion in dietary regimens planned for 
the purpose of reducing the fat intake in the 
daily diet. 


Calories 
Protein 


Nutritive Value of Breakfast Cereals 
(Based on composite average) 


Cereal,* 
1 oz. Dry 
Weight Basis 


*Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956. 
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